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“KEEP IT CLEAN” 


Just choose the type BAKER 


CASING SCRAPER your 
job requires 


If you have ever tried to run a swab and had the rubber cups so badly 
torn and damaged that they were useless — if you have ever hit a spot 
through which a packer or cement retainer would not run and had 
the slips set prematurely — you already know that the inside walls of 
casing should be scraped clean 





There is no longer need to have imbedded bullets, burrs from 
gun-shot holes, a hardened cement sheath, or any other obstructions, 
cause you trouble. Anything that projects from, or adheres to the 
important “working surface” of casing — even down to mill scale or 
rotary mud — can be quickly, easily, safely and economically removed 
from the inside wall of the casing. And this vital work of scraping 
can be done either while the rotary rig still is up and you are drilling 
out the cement shoe; or at any convenient time by running the scraper 
on tubing or a wire line for vertical removal of obstructions 


TWO TYPES OF BAKER CASING SCRAPERS MEET EVERY REQUIREMENT 
The field-tested Baker MODEL “B” Casing Scraper (Product No 
620-B) is recommended for use when the rotary rig still is up and 
only hardened cement or a limited number of gun-shot burrs are to 
be removed. It is usually run just above the bit while drilling out 
cement, and will remove protruding burrs as well as the thin sheath 
of cement left even after the maximum gauge bit has been used for 





drilling out 

When there are several hundred gun-shot holes (with possible 
imbedded bullets); or if the hardened sheath of mud is to be removed 
from top to bottom of the well, the new Baker ROTO-VERT Casing 
Scraper (Product No. 620-C) is recommended. The ROTO-VERT 


can be run on drill pipe for successful vertical scraping of obstructions 








as it is being lowered in the hole, followed by rotation if difficult well 
conditions make rotation necessary or desirable; or it is run on tubing 


or a wire line for successful all-vertical scraping 


SCRAPING IS A VITAL PART OF WELL COMPLETION 


Many operators consider that the use of a Baker Casing Scraper is 
a “must” in the completion of every new well, and after every gun- 
perforating job. They know that the inside wall of the casing is left 
smooth and “clean as a hound’s tooth” ready to run a swab or testing 





Baker MODEL “B” Casing Scraper 
Product No. 620-B 





Baker ROTO-VERT Casing Scraper 
Product No. 620-C 


tool with no trouble. They Anow that the tubing or liner can be run 
easily and safely, and that packers and cement retainers will run-in 
readily and seal-off perfectly against the clean, smooth inner surface 
of the casing. Not only is the well then ready for immediate com- 
pletion, but it will be left with the “working surface” safe for all future 
down-hole work. Isn't the reasonable rental charge for a Baker Casing 
Scraper cheap insurance for leaving your well in perfect condition? 


THE NEW BAKER ROTO-VERT SCRAPER IS POSITIVE AND SAFE 


The strong, simple construction of this efficient scraper is evident 
from the illustration which shows the rugged body on which six 
blade blocks are mounted, and held in position by blade block retainers. 
These blade blocks are set in two horizontal rows in a staggered position 
so that the blades overlap and will scrape the full 360° surface of the 
inner wall of the casing. The scraper blades are cut on a helix angle 
and provide a scraping, or shearing, action both while moving down 
the hole and while rotating. The thrust of each blade block, when 
rotating, is taken by a driving block which is welded to the body. 
Springs behind each blade block hold the hard-faced scraper blades 
against the inner wall of the casing where they exert positive shearing 
action. ROTO-VERT blade blocks will never screw down past a 
casing burr because their scraping edges follow the contour of a 
LEFT-HAND SCREW 

Field reports on the ROTO-VERT Casing Scraper prove its effi- 
ciency when used as recommended for the removal of a large number of 
burrs from gun-shot holes, and possible bullets imbedded in the casing. 
\ ROTO-VERT used on two consecutive jobs scraped a total of 1,548 
perforation burrs WITH THE SAME SET OF BLADE BLOCKS, 
nd the blades were still in usable condition, Further proof of the com- 
plete, clean removal of burrs was provided when the swab cups used in 
connection with washing the perforations in both wells, were found 
upon removal from the well, to be in good condition. 


You'll always be glad you 


scraped the “working surface” 


of your casing 


Descriptive literature is available on both types of Baker Casing 
Scrapers—or, better yet, ask the Baker representative in your area how 
you profit when you use a Baker Casing Scraper to“KEEP IT CLEAN.” 


BAKER OIL TOOLS, INC. 


Houston « Los Angeles « New York 














DOWELL PLASTIC SERVICE has been used successfully 
in the reconditioning of hundreds of wells 


Control of water and gas encroachment poses a vital prob- 
lém in many old wells. On a recent job, Dowell Electric 
Pilot Surveys revealed areas of gas and water encroach- 
ment that were choking off production on a well. The 
well was then plugged back 20 feet with plastic, and 
plastic was squeezed around the casing shoe. Result? 
Before remedial work, oil production was 12 bbls. per 
day with 90°, water and a gas-oil ratio of 20,000 cu. ft. 
per bbl. After Dowell Serrice, oil production was 50 bbls. 
per day with only 30°, water and a gas-oil ratio of 3700 
cu. ft. per bbl. 

Dowell Plastics have proved themselves ideal for many 


workover and recompletion jobs. If necessary, the Dowell 
Electric Pilot is used to determine the well’s permeability 


DowELL 


PLASTIC SERVICE 


Electr ! 


achang 


ources of fluid entrance. Then, the Dowell 
1 specially engineered bailer to spot the 
t place. The plastic enters the well as 
becomes an impervious solid at a pre- 
Dowell plastics provide excellent bond- 
ating qualities that form a permanent dam 
sncroaching fluids 
Ask your local Dowell station for complete information 
n the n uses of Dowell Plastic Service in well work- 
over and completion programs. 


DOWELL INCORPORATED 
TULSA 3. OKLAHOMA 


Subsidiary of The Dow Chemical Company 












FOR OIL INDUSTRY CHEMICAL SERVICE 








Guest Editorial 


A LOOK at the AGI 


By William B. Heroy 


Executive Vice-President, The Geotechnical Corp. 


Tue American Geological Institute represents a significant 
step forward in the history of geological science in North 
America. During several decades just past, geological research 
and its application to prospecting for mineral resources, have 
resulted in the development of numerous special branches 
within the broad field of earth sciences and, along with tech 
nical progress, an unfortunate condition of professional dis 
unity. The Institute is the answer to a demonstrated need for 
greater cohesion and strength within the geological profession 
and, as a result, for the advancement of the sciences which 
are concerned with the earth and its resources. 

The Institute was organized on the basic principle that 
means should be provided for cooperative action among organ 
izations concerned with all branches of pure and applied 
geology. It now provides a mechanism for maximum applica 
tion of effort of the combined geological profession through 
cooperation of the member societies. 

AIME Was an 


ested participant in the founding of the Institute. It was, in 


I consider it most fortunate that the inter 
fact, the first of the founder societies to accept membership 
Through its representatives on the Board of Directors and 
the Executive Committee, the AIME continues to play a promi 
nent role in its activities. 

In addition to the AIME, the member 
include American Association of Petroleum Geologists 


societies currently 
Ameri 
Min 


Seis- 


can Geophysical Union, Geological Society of America 
eralogical Society of America, Paleontological Society 
mological Society of America, Society of Economic Geologists, 
Society of Exploration Geophysicists and Society of Vertebrate 
Paleontology. 

To attain its stated objectives, the Institute has established 
a headquarters at the National Research Council in Washing 
ton, D. C. The Institute is chartered by the National Academy 
of Sciences under the special act of Congress which created 
and under the Presidential Order creating the 
National Research Council. The Executive Director, David M. 
of the Division of 
Thus the Institute 
these auspices, joins with other similar organizations 
attacking 


the Academy 
Delo, also serves as Executive Secretary 


and Geography, N.R.C. under 


Geology 
1 other 
branches of science and engineering in common 
problems. 


held 
in November, 1948, but the headquarters were not established 


The initial organization meeting of the Institute was 
until June, 1949, and its program is now getting well under 


way. This program will be carried forward by six standing 
committees which function in the areas of geological person 
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nel, relations with federal and state governments, public rela- 
tions, geological education, geological publications, and geo- 
The standing committee is 
concerned with financing the operations of the Institute. In 


logical information. seventh 
iddition to these standing committees, special sub-committees 
or task groups are appointed to carry through particular proj- 
ects, the members of such groups being selected with a view 
to their particular competence for the job. 


A NUMBER of studies are already being prosecuted ac- 
tively and several reports resulting from them will be issued 
in the near future. One of these will discuss the results of a 
survey of the present supply of and demand for trained geo- 
logical scientists. A second project will yield a compilation 
of current non-industrial research in the various geological 
fields 


the making 


A vigorous and dignified public relations program is in 


and cooperation with local, state and national 
educational agencies is being established. In prosecuting these 
activities, the Institute is in no way competitive with its con- 
stituent societies or with any other organization. Its prime 
over-all objective is to undertake to perform for the member 
societies those services which are of common interest to all 
geologists, so that the societies, individually, can give increased 
attention to the more specialized scientific purposes for which 
each was established. In particular, it will seek to perform 
those tasks which can best be done cooperatively rather than 
by a single society 

The effectiveness of the Institute will develop in the same 
ratio as individuals are willing to contribute thought and 
effort to the attainment of its objectives. It is realized that the 
Institute will be successful not as a result of the efforts of a 
few, but by the interest of many scientists, each of whom may 
give to the Institute a moderate amount of time. The old say- 
ng that “Many hands make light work” is especially true for 
an organization of this type. The Executive Committee will be 
grateful to any who feel that they can be of service and are 
desirous of helping to man the oars if they will make this 
interest known to Dr. Delo. Although individuals are not mem 
bers of the Institute, except indirectly through their member- 
ship in the constituent societies, the success of the Institute 
program will evenually be reflected directly in the improve- 
ment in the status of the individual geologist and engineer, 
and in services which are of value to him. For this reason, 
I urge the cooperation and help of all the members of these 
societies toward the attainment of the goals for which the 


Institute was established = & 
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'v49— 
A YEAR OF WORLD-WIDE PRODUCTION GROWTH 


Stepped-up activity in petroleum production and exploration during 1949, despite political 


unrest in some parts of the world, resulted in considerable growth for the oil industry 


‘ £ Bpose YEAR 1949, despite upheavals and political unrest in 


some sections of the world, was one of advancement in 


forward strides were only 


But the sum total of the in 


the petroleum industry. Some 
Some were phenomenal 


that the 


slight 


dustry’s achievements reveal year was one of con 


siderable growth. 


A view of the world-wide production picture reveals that 


some hotspots developed that are presently influencing the 


entire production structure 


exist in the Middle East, in Can 
West flurries of 


regions tend to belie the feeling 


l hese so alled hotspot ~ 


ada and in Scurry County of Texas. The 


activities manifested in thes 
in some quarters that the world’s supply of petroleum is 


beginning to diminish. 


these certain advancements, 


Aside 


or in some instances stalemates, cropped up in South America 


from areas important 
Western Europe, Egypt, the Far East and Japan. Following is 
a digest and region-by-region synopsis of just what is taking 


place around the world 


Middle East 


NEW production record was established by Iran during 

L 1949 when 204,000,000 bbl of petroleum were produced 
ARAMCO and Arabia were second with 174,000,000 bbl. The 
Iraq Petroleum Co.'s 28,000,000 bbl represent an improve 
ment over last year’s production figure although the company’s 
production has been limited by the fact that the lines through 
to Haifa were closed because of political difficulties in Israeli 
Kuwait had a production of 89,930,440 bbl and Bahrei: 


shows 10,985,484 bbl, the former revealing a slight gross 
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a total of 95 wells were drilled in the Middle 
Arabia, 9 in 


These fig 


1949 


of which were in Iran, 24 in Saudi 


During 
Fast 
Iraq 


four 
19 in 


ures bring 


Kuwait, 2 in Bahrein and 7 in Gutta 


the total number of wells drilled in the area to 


date to 711 


fields were discovered 


In Saudi Arabia Also in 


Southern Iraq two new fields were found, one at Naru and 


two new 


me at Tufar. Both appear to be good discoveries. Production 


in lraq controlled by the pipeline and the only one that 


has been operating is the one in Tripoli. The southern line 


which runs into Haifa has not been completed through to 


Haifa. The other 16-inch line to Tripoli is now in operation 





The views expressed in this article were recorded at the Pro- 
duction Review Committee’s meeting in New York Feb. 14, 1950. 
The report covers the advance and development of world-wide 
petroleum production during 1949. Chairman of the Committee 
and moderator for the symposium was D. V. Carter of the Mag 
nolia Petroleum Co. in Dallas, Texas. Participants and the areas 
covered by their reports are 
DUCE Middle East 


{merican Oil Co. 


JAMES 1 


frabian 


rAYLOR 
o.. Lid 


VERNON 
Imperial Oil ( 


South America 


ROBERT B. GILMORE 


DeGolver and MacNaughton 


CROVE 
Facuum Oil Co 


B. H 


socon 


Western Europe and Egypt 


E. W. BERLIN Far East 


Standard} acuum Oil Co 


(,ODFREY F. KAUFMAN 
Standard) acuum Oil Co 
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The reserves in the Middle East have been increased quite 
substantially. There has been a great amount of geological 
exploration, seismograph operation and core drilling. The 
world’s reserves seem to be building up again in this area and 
the total reserves for the world will be close to approaching 


30 years’ supply. 


Canada 

HE YEAR 1949 was marked by considerable achievements 

of the industry in Canada. All previous records with 

respect to production, number of wells drilled, exploration 

activity and the like were broken. Total yearly production was 

almost double that of any previous year while oil reserves were 
increased more than 100 per cent. 

This favorable picture resulted wholly from increased activ 
ity in Western Canada where development and exploration 
efforts have been increasing steadily since 1947 when the 
Leduc discovery was made. In addition to this discovery 
opening up a new potential producing area, it also gave the 
industry a new exploration target. Up until that time, the 
foothills had been receiving quite a play and the plains had 
been partially ignored because no large field had been 
discovered. 

\ relatively small part of Canada is 
Outside of Western 


minor areas in Ontario, Gaspé Peninsula and in New Bruns 


favorable for oil 
there 


prospecting. Canada, ire some 


wick which are favorable for prospecting. These areas repre 
sent approximately 15 per cent of the total expanse of the 
country and this basin could contain Texas, Louisiana, Okla- 
California. 

The production history of petroleum in Canada wa 
1947 field was discovered 
This discovery opened up an entirely new area. The field is 


Alberta and 


discovet was 


homa and 
fairly 
serene prior to when the Leduc 
situated in the northern part of the Province of 
The 
a depth of approximately 5,000 ft. Late: econd 


some 20 miles southwest of Edmonton. 


made at 


well produced from a horizon 250 ft deeper. These hor 


i7oOns 
for want of a better name, are known as D-2 and D 

Both are reefil in origin and their nature changed the 
for exploration in that country. The total production to the 
end of 
and Canada, prior to 1949, had only produced a small per 


1948 in Canada was approximately 136,000,000 bb 
centage of its requirements, 
But in 1949, 


which are ir 


twelve oil discoveries were made st of 


the general vicinity of Edmonton and around 
covery 


of the 


Leduc-Woodbend and Redwater. The most significant 

was the Golden Spike pool which is located just west 
Leduc-Woodbend pool. 
the extent of this field, it has a fixed producing section of 


Although it is too early to estimate 
about 595 ft of saturation which again is in the equivalent 
of the D-3 zone and is reefil in origin. It is because of that 
thickness that it will be a major pool. 

In addition, the Stetler pool was discovered. Th 


both D-2 and D-3 production, somewhat similar to Ladute 


whereas Golden Spike and Redwater have only D-3. The 


Stetler pool is considered to be a substantial discovery which 

opened up a new producing territory some 100 miles south 
Leduc. 

Normanville some 225 miles from the coastal producing area 


More drilling is 
and the amount of the reserves. 


east of Another significant discovery wa ide at 


needed here to definitely decide the extent 
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During 1949, production in Cunada amounted to 21,000,000 
bbl, 95 per cent of which was produced in the Province 
of Alberta. In the Leduc-Woodbend field, there have 
80 wells drilled but production did not increase appreciably 


been 
vecause of the depletion of local demand. The big develop- 
took place field. This field is only 
ipproximately 3,200 ft deep and wells can be drilled about 


neni in the Redwater 
two at a time 

More than 100 Canadian and United States companies are 
doing active exploration work in Alberta, Saskatchewan and 
Manitoba. One 
operating at the end of 1949. This record activity places the 


hundred and five geophysical parties were 


general area only second to Texas in the geophysical explora 
tions on the Continent. 

In Alberta, 90 per cent of the mineral rights are owned 
by the Provincial Government. Saskatchewan has a smaller 
percentage of about 50 per cent and Manitoba holds somewhat 
less. Due to the fact that 
land, the Provincial Government inaugurated systems to en- 


courage exploration work some years ago whereby reserva- 


Alberta is predominate in crown 


tions would be granted to exploration companies. These reser- 
vations were granted for a period of three years during which 
the company would undertake a certain amount of ex- 
ploration work, At any time during that period it could con- 
vert to leases which would give the operator the sole right to 
develop the land 
The standard 


t ighth or a 


lease is 21 years and carries the royalty of 


either ar sliding scale basis and may convert 


only 50 per cent of the crown reservation through leases. 


The Provincial Government may then sell the remaining 50 
which has become crown reserves, to interested par 


field bids. 


section, which is 


per cent 

by means of The highest price paid to date 

a corner 160 acres, was $930,000 per 
cre 

It is felt that Western Canada stands a reasonably good 

chance of increasing its substantially and should 

make Canada self-sufficient with about 5,000,000,000 bbl in the 


not too distant 


reserves 
future 
South America 


I, rHE \ 


sus countries of South America the petroleum 


some regions and declines in others. 


irk 
program showed gains in 


In Argentina, oil production declined during 1949 more than 
daily average of some 63,000 bbl. Of that 
70 per cent came from the Commodoro Riva- 


) per cent to a 
amount, about 
davia area and the re maining percentage was produced in the 
northern fields at Plaza Winkool Mendoza and Salta. A new 
Caleta Oliva in Southern Argentina may be 


discover¥Y near 


developed into an important producing area. 
i. Nevember o 
Rivadavia 


MMCI 
cat locations made by YPF geologists were begun during 1949 


1,100-mile gas line was completed from 


Commodora o Buenos Aires. This line will trans 


lit a reported 35 daily. Drilling operations on wild 
by Drilling and Exploration Co. and two rigs were in opera- 
tion at the end of the year and two others were rigging up. 
It is still as to the 


developments in 


dificult to obtain accurate information 


Argentina 


The exploration program for Brazil, on the other hand, 


made nsider ible 


headway during 1949. Geological and/or 
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surveys were conducted in Parana Basin, sed 


Bahia, 
Maranhao-Peowi, Marajo Basin and in the valley of the Lower 
Belem 


made in 


geophysical 


mentary basins of Sergipe, northeast coastal plain 


Manaus. Locations to be 


the Maranhao Basin 


Amazon River between and 
drilled in 1950 


and the Marajo Basin. 


were Sergipe 


Drilling operations were restricted to Bahia during 1949 
Most of the drilling was concentrated in the Candeias and 


Dom Joao fields which will supply crude oil for the new 


refinery now under construction near the south end of the 


Candeias field in Bahia. 
bbls in 


wells were drilled and one 


Potal during reached 109,077 
Brazil. During that time, 15 oil 
gas well, four dry holes and five stratigraphic 
drilled. Meanwhile, 9,100,000 bbl of field oil 


in the and 25.700,000 bbl of 


production 1949 


tests were 
was consumed 
products 


country petroleum 


were imported and consumed 


In Chile 
the Spring Hill 


oil production reached 2.000 bbl per day fro 
Monant field 


The vice-president of the Chilean Development 


(Cerro iles) field, the only oil 
in the country 
stated that the 16 producing we ll 
production to 10,000 bbl per 
Hill field and the 


Gente Grande Bay 


German Pico Canas 
of 29 drilled, could 
day. A crude oil 


terminal at Caleta 
ol Magellan is now in operation and storage tanks of 600,000 


Corp 
increas 
line between the Spring 
Clarencia on Straits 
Plans were completed to beg ! 
1950 


bbl capacity are being filled 


construction of a refinery in 


official 


oil output was 29,695,238 bbls 


1949 reveal that Colombia 
not including 819,454 bbls of 


Preliminary data for 
blende d wit! the 
Potal 


to $58.193.009 


which Is 
P.G 
1949 


petroleum condensate, some of 


crude and part marketed as | and natural gas 
amounted 


875.440 


exports of Colombian oil ir 


compared to a 1948 value of $47 


The outstanding wildeat discovery for the vear was prob 
ably the Texas Tetuan No. 1 
1.579 ft. The November test for 
per lay of 22 23 APT oil 


Tetuan concession held by the 
In Ecuador, oil production was 

bbl per day during 1949 f; 

Major fields are the 


combined refining capacity 


which reached a total de pth ot 
yielded 800 bbl 


located in the 


this well 


This well is 


Cartagena Petroleum Co 


maintained at about 7.000 


fields on the Santa Elena 
Ancon and El 


of 4.700 bbls per day 


Peninsula Tigre wit 
1949 
domiciled in 
2.000.000 acre 


Exploration for petroleum was instigated in by the 


Manabi Exploration Co., a Texas 
totalling 


Coast of 


orporaton 


which has concessions more than 


situated near the Pacific Ecuador 


Further exploration for petroleum by private capital 


Guatemala seems unlikely under the new petroleum law wl 


build local 
The government would 
lrillir 


requires any company obtaining production to 


refinery to meet the country’s needs 


ilso become owner of any equipment imported for 


construction or for any other purpose 


In Paraguay, exploration for petroleum by Union 
has been suspended following the drilling ot tive dry 
the Chaco country. Ac« 


ther operation 


ording to recent information 


ire contemplated at this time 


Peru's daily 1949 was 


bbl, an 


iverage productio for 


Increase over;r 
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Parinas, Lobitos, and 


Coast of Northwestern 


nes from the La Brea - 


located on the Pacific 
The only | field 


producing at the rate of about 1,000 bbl daily 


helds 


in the Montana of Eastern Peru 


iough Peruvian production showed an increase for 1949, 

yuntry’s petroleum consumption increased markedly also 
making the development of additional reserves a prime neces 
fo stimulate petroleum exploration by large companies 
te capital and technical staffs, a special commis- 
ithorized to formulate a new petroleum law for 
overnment hopes, by adoption of an adequate oil 


to encourage “effective exploitation of the oil riches” 
the subsoil. 

Total pl Venezuela in 1949 $82,000,000 
bbl ‘ ly rage of 1.320.000 bbl. This is 
339,000 bbl for 1948. 


as the second largest oil 


was 
slightly 
than the high of 1 However 
Venezuel position 
world and reserves were increased 
il was removed. Total cumulative pro 


1949 was 5.398,.287,000 bbl 


fields in Venezuela of which 37 
Last new 


4.000 


or more vear. eight 


and in all there are about 
».200 pumping wells in the country. During 
ripe line feld in Zulia to 
on the West Coast of Lake Maracaibo was com 


construc 


| 


from the Boscan 


e con current refinery 


ipletion of the 


refining ipacity tor Venezuela will have 


140,000 bbl per day 


Mexico 
a' CORDING 1 in announcement by Pemex officials in 
December, 1949, oil production in Mexico had attained a 


of 200,000 bbl per day, the goal set fo the vear. Dur 


1949. a total of 180 wells were drilled in that country, as 
n 1948. According to A 


from 


Bermudez, Mexico's 
increased 050.000.000 in 
1949 
Monterrey 
will 


gravity oil 


have been 
brought in a 
southeast of the 
Monterrey 


§50.000.000. During Pemex 


the State oft 


well I 


This new area be termed the 


ras and high 


1 25-vear agreement 
Independent Oil Co. (CIMA 
1949. The 
atzucoalcos, was completed as an 
(6.200) ft 


} the Mex 
started drilling 


first Tortu 


with Pemex 


Veracruz during well, 
lled near ¢ 
A second well 


3.000 ft at the end 


1.900 meters 


drill ng 


ibout 


it about 


wells added greatly to the 
Northern Mexico. A pipe 
the Gulf of Mexico and 
vurth finished at the end of 


Western Europe and Egypt 


scored its best producing rate 


| * We te I 1? , many 
“ e the war } iverage of about 16.000 bbl per day 


Seve f sere developed. three of which ippear to be 


TECHNOLOGY May, 1950 





fields. In the framework, major fields 


those that will reach approximately 20,000,000 bbl ulti: 


major German 
the sake of study, Northern Germany 
Emsland District, the Hannover Distr 
Schleswig-Holstein District and the Hamburg District 


production. For 


vided into the 


Production in the Emsland area during 1949 doubled 
of previous record and Germany's production as 
that 


was 


increased about 32 per cent over which was 


in 1948. One significant discovery made 


District 


near 


coast in the Hannover and another at Su 
Perhaps the most significant thing in the Germar 
that it will possibly continue to gain, reaching agair 
1950. 


cent increase in 


In Holland, major development was manifested at S« 
beck, the field being split almost exactly in half by th 


German border. 


Eighteen producers were completed in all. The dail 
age production of 11,823 bbls reached in 1949 cover 
25 per cent of the country’s consumption. The Neder! 
\ardolie Maatschappij continued its widespread exploratior 
program in the Netherlands. Based on geophysical informa 


1949 


In one of these wells, gas in commercial quantities was di 


tion, a total of 16 exploration wells were drilled dur 


covered near De Wijk. 25 miles west of Schoonebech 


000 bbl 


In Egypt, preduction during 1949 totalled 15,791 


wv a rate of about 43,000 bbl per day, representing an in- 


crease of 2,600 or 2,800 bbl per day over 1948. The produ 
ing fields of Egypt are the old Hurghada field which 

in the last stages of depletion and production has rea 
little more than 1,000 bbl per day and the Ras Gmaril 
which is still the largest in Egypt but which is als« 


decline. The latter is producing about 24,000 bbl per 


Two new fields of Egypt in the Sinai Peninsula 
and Asi. The former produced about 15,000 bbl px 

1949 and the latter about 5,000 bbl per day. The pro 
potential has been slightly higher than the figures shoy 
cause what is taken out is limited by the refinery capac 
The oil is so heavy that it is not competitive with the major 
fields of the Middle East. In addition, Shell and Socony dis 
covered a third field at Ras Matarma about mid-way 
Sudr and Asi. The 


because the Egyptian Government has not as yet issued a con 


be iween 


new discovery has not been developed 


The same is true of a discovery made by the 


Jersey Co. at Wadi Feran. 


cession on it 


Far East 


— Upper Punjab Oil Region continues to produce ap 

proximately 200 bbl per day from the almost depleted 
Khaur Dhuban fields. These fields 
some 12,000,000 bbl since 1915. Since the war, two field 
the Joya Mair field and the 
10.000 bbl 


and two have prod iced 


have heen discovered They are 
Balkassar 
but could not be transported and the field is now clos 
Five been drilled in the Balkassar field 
which made 1.200 bbl per day after acidizing 


field. In the former, two wells flowed 


wells have 


In North Sumatra, reports from the field indicate t! 
tiations have been initiated with the New Indonesia authori 
ties for the return of the North Sumatra properties to their 
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prewar owners who have not been able to take possession due 
to unstable political conditions. 

After the so-called 1949, the 
various companies operating in Mid-Sumatra were permitted 


police action in January, 


to re-enter this area and start rehabilitation work. Toward the 
end of the first quarter of 1949, the Djambi fields were placed 
in production and the pipeline to the South Sumatra refinery 
nter at Palembang was opened. It is estimated that 20,000 
il produced from this important producing 


per day were 


The 1949 91,600 bbl per day in South 
added to the 20,000 bbl from Djambi makes a total 


for Sumatra of 111,600 bbl per day. No new fields of major 


production of 
Sumatra 
discovered. However, active wildcat drilling 


nport nce were 


n South Sumatra continued throughout the year. 


In British Borneo, the Miri field produced an estimated 
2.000 bbl per day during 1949 while the Seria field in Brunei 
produced an estimated average of 61,700 bbl per day, repre 
enting a sizeable increase over the 1948 production figure 


f 54.000 bbl per dav 
I 


Production in Java is estimated to have reached a new 


1,500 bbl per day from the older Wonokromo fields 
The Klamono field in New Guinea produced 

of 4,800 bbl per day. No authentic reports have 

eived on China’s production since early 1949 when 

he Cansu field produced at approximately 1,000 bbl per day 
New Wales, Australia, wildcat 
ide during 1949 and plans for progressing with this test 


South one location was 
de. Geological and geophysical surveys on the West 


the continent continued. 


Island area, the Far East Development 
oil on the island of Cebu by 


the Philippine 
Co. continued its search for 
drilling one dry hole and starting another test in the immedi 
ite vicinity which has not reached conclusive tests. Additional 


drilling is expected. During the year, the political situation 


further deteriorated in Burma to the extent that all operations 
ind labor forces were discharged. 


were disconti ied 


Japan 


T HE oil production of Japan has shown a small, but steady 
I rease thr sughout 1949. 


rhe total production for the 
ntry reached 4,500 bbl per day during October and aver 
ibout 4,000 bbl per day 
f the crude oil 


for the year. Ninety-five per 
produced by the Japanese Imperial 


The old fields lie in a 
sastal zone of the main Japanese island of Honshu and near 
northernmost island of Hokkaido. All 
production to date is derived from beds in Pliocene and Upper 


Miocene Niigata Akita are the 


three principal producing areas in Honshu. The Yabase field 


narrow belt along the northwest 


the western coast of the 


formations Yamagata and 


n the Akita district, produces 35 per cent of the total crude 
abeut 1,500 bbl per day. 1949, a 
was discovered at about 3,800 ft and has 


it 6.000.000 bbl of 


During new 
wrizon 
new reserves to the previous 
5.000.000 bbl of proved reserves from all of Japan 


x * * 
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TRENDS IN EMPLOYMENT — WHAT ARE 
THE YOUNG ENGINEER'S CHANCES? 


( i . of the colleges and universities 


will come this spring and summer a 
veritable tidal wave of fresh engineers 
some 50,000 strong, each of whom has 
been searching for, or soon will begin 
searching for, his niche in the profes 
sion. The wave of graduates this year 
will establish a new record, numbers 
wise, and overcome last year's record 


production of engineers by some 5,000 


Buffeting this surge will be an esti 


mated 325,000 engineers already en 
degree in the 


What is to be 


come of these new engineers who are 


trenched in varving 


engineering profession 


entering what is already considered the 
largest single male profession’ Can 
the profession absorb such an invasion 
gracefully and without losing step? 
And, probably most important of all 
just what caliber engineer are the uni 


versities turning out these day 


At present, these questions are prob 
ibly unanswerable in light of what evi 
dence is at hand. But it won't be a 
waste of time to at least examine the 
situation, letting the light play 


it might 


Primarily, the petroleum industry will 


he relieved to learn that the entire 
0.000 graduating enginers re not at 
tempting to enter one phase of the 
profession but will be scattered through 


out the entire field of endeavor. The 
group includes engineers of all types 
lust how mans ire pre partir i them 
elves for the petroleum madustry is un 


known due to the fact that authoritative 
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By Jess E. Adkins 


statisticians list petroleum engineers un 
der the general heading of Mining and 
Metallurgy 


Petroleum Engineers 

However, at present it is known that 
there are 4,175 petroleum engineers 
enrolled in the various colleges and 
universities about the country which 
number represents the largest grouping 
under the mineral engineering category 
In comparison, metallurgical engineers 
follow closely in numbers with 3,887 
In addition, there are 2.223 mining en 
gineers and 998 ceramic engineers. All 
these figures include both undergradu 
ate and graduate students and were 
pointed out at the February meeting o 
the Mineral Education Division of 
AIME at Columbia University by Wil 
liam B. Plank, head 
of Mining and Metallurgix 


ing at Lafavette College 


of the Department 


At that time, Plank 

1.152 petroleum engineer 
dates for degrees to be 
1950. That fig 


iwarde: 
ire 
freshly entering 
dates for bachelor de 
are the men who have 
the petroleum industry 
rently making the rou 
sonally or by correspond 
in hopes of finding 
mer gets under ways 

They are intense 
most part. earnestly 
it net of importance 
tunity. Most of ther 


the pre kings ire 
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until last year, companies were sending 
out their interviewers and screening the 
potential graduates of the major uni- 
versities, that practice seems to have 
run out, showing evidence that the 
industry has reached, temporarily at 
least, a degree of saturation. Some of 
the graduates are receiving that answer 


in person as they scour the country 


What of the reports from the univer 
sities? How do the educators feel about 
this tightening situation? In answer to 
queries made by Petroteum TecHnot 
ocy. the leading schools which are turn 
ing out petroleum engineers are, to put 


it mildly, worried 


Picking one institution at random, a 
large and esteemed university in the 
South, it is found that the petroleum 
engineering classes moving out in June 
ind in August comprise 70 students 
Forty of those students will graduate 
in August after an extensive eight 
week program at the school’s summer 


geology camp in Colorado. Of the 70 


tudents, 24 are married. Average age 


25. Ten of the 70 indicate that they 


would prefer work abroad. Expected 


salary $275 to $325 per month 


Schools Should Advise 


The chairman of another large uni 
versity in the Southwest was most ada 
nant in his expressed opinion that pe 
troleum engineering schools should 
study “the future job prospects care 
fully in order to be in a position to 
ivise prospective students . cor 


erning their education and the possi 
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bilities of employment.” He added that 
a number of students had been offered 
roustabout and other field jobs and felt 
that the experience would serve a good 
purpose “later on when the employment 
situation improves.” 

Other educators are advising their 
students to enter the service companies, 
using their knowledge in engineering 
sales. But even here, some students are 
reportedly being met by a “no help 


wanted” sign. 


On top of this, the U. S. Department 
of Labor reports that in the next 10 or 
12 years, the engineering profession 
will probably grow to an estimated 
150,000 in numbers with the number of 
petroleum engineers presumably grow- 
ing in ratio. Expanding on that point, 
the Department of Labor claims that 
“by 1960, if total employment in the 
major industries using engineers in- 
creases moderately, in line with past 
trends, and if the number of workers 
employed per engineer decreases some- 
what more slowly than in the past five 
decades, it may be estimated that total 
engineering employment would rise to 
roughly 450,000-—some 100,000 more 
than in 1948. The expansion would aver- 
age about 8,000 jobs per year (until) 
1960, although the yearly increase would 
vary.” 

The profession has been growing 


steadily since 1920 when about 5,000 


persons were graduated as engineers 
The number leaving colleges each year 
grew slowly until the early years of 
World War II when it suddenly de 
clined from about 15,000 in 1942 to 
about 7,500 in 1945. The next vear 
however, it again began to pick up and 
by leaps and bounds reached the 45,000 
figure just four vears later. After an 
other leap this year, the total number 
of engineering students leaving school 
with degrees is expected to drop off to 
around 35,000 in 1951 and then again 


to about 29,000 in 1952 


Statisticians in the Department of 


Labor who plotted these trends in 
graduate numbers also pointed out that 
the various engineering professions or 
categories will themselves expand and 
absorb this great influx of fresh talent 
But until the demands of the petroleum 
industry “catch up” and begin absorb 
ing their proportionate share of gradu 


ates, what is to become of the supply? 


Always a Place for Engineers 


A definite 
being expressed by faculty members of 
John C. 


opinion on that score is 
the universities Calhoun, Jr 
chairman of the School of Petroleum 
Engineering at the University of Okla 


homa, is of the opinion that regardless 


of job availability, there will always be 


a place for the engineer in any walk of 


life. 


Expanding on this tack, Calhoun 
points out that the engineer is basically 
endowed, through the scope of his cur- 
riculum, with the precepts necessary to 
face modern living. This academic av 
proach is broadened by the engineering 
professor in his classrooms as he ad- 
vires his students to look for jobs that 
will give them broad activity in the 
industry. He also advises the under 
graduates to arrange their program to 
include as few service courses, those 
which are unrelated to their major, as 
is possible. Calhoun would have his 
students concentrate more on the sci 
entific subjects than those found in 
schools of arts and sciences, You can’t 
get enough physics, the professor ad 
vises. And he adds, companies in the 
industry are presently more interested 
in engineering geologists than in geolo- 
gists. He puts a premium on versatility 


rather than an accent on specialization. 


The day is approaching when engi- 
neers will find themselves routing mer 
chandise on a grand scale through de 
partment stores and performing simi- 
lar chores heretofore relegated to stu- 
dents of marketing, Calhoun continues. 
And the engineer, without expanding 
his curriculum, will be prepared to 
perform such tasks. That line of thought 


Continued on Page 7, Sec. 2 
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1950 


Burcauw of Labor Statistics Chart 


MORE AND MORE ENGINEERS have entered the profession steadily since 1920 except for a brief three-year dropoff 
during the war years. Statisticians, as this chart indicates, foresee an alltime record number of graduates this year fol- 


lowed by a sudden downward plunge in numbers, leveling off at about 29,000 in 1952 and later years. 
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AMERICAN OIL-SHALE DEVELOPMENTS 


By J. B. Mull 


Chemical Engineer, Bureau of Mines 


IN 1684, A BRITISH PATENT WAS ISSUED COVERING A PROCESS FOR PRODUCING “OYLE FROM 
A KIND OF STONE.” HOW FAR HAS THAT PROCESS ADVANCED TO DATE? 


ry 
HE oil-shale industry is well over 


100 veare old in other parts of the 


world. British Patent 330 was issued in 
1684 covering a process for producing 
In July of 
at Glasgow, Scotland, a con 


held to celebrate the 


“ovle from a kind of stone 
this vear 
ference will be 
100th anniversary of the James Young 
retort patent, which is widely consid- 
ered to have been the beginning of the 
United States 


when the Drake well came in 90 years 


industry. Even in the 


ago, some 50 small plants were pro- 


ducing “coal oil” and other fuels from 


bituminous minerals; many of these 
operated on oil shales from New Bruns 


wick 


Especially in the past 50 years there 
has been commercial exploitation of oil 
Scotland, Australia 


Estonia, Sweden, and Manchuria 


I rance 
Most 


extensive and 


shale in 


of these deposits are less 


leaner than those of our intermountain 


region and have been commercially 


feasible only by virtue of Government 


subsidy in the form of import duties 


on petroleum products 


In this country abundance of crude 
petroleum effectively drowned oil-shale 
interest until the World War I period 
1916 and 1924, some 200 


patents were granted for shale 


Between 
I Ss 
retorting processes, and now it is al 
most impossible to design a retort that 
was not proposed, at least in part, dur 
ing that era. It was the fuel shortage 


of World War U 


interest in this country 


that really revived 
und resulted in 
passage of Public Law 290 by the 78th 
Congress of 1944 authorizing the Bu 


This article was presented at th AIME An 
nual Meeting in New Yo February 13 
" 1960 
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Mines to 
fuels 


reau of 
of synthetic 

Ihe most extensive and richest Ame 
ican shale de posits are the Green River 
beds of Utah, Colorado, and Wyomin 


Because of richness of the 


beds and 
convenience to water and transporta 
tion, a plant site selected ab 
10 miles west of Naval Oil 
Shale Reserves 1 and 

had been withdrawn ib] 

in 1916 and 1924, respectiv d 
cover 90 square miles. Less than half of 
this area contains oi! shale 


the reserves constitute a ve 


total shal 


Basi 


percentage of the 
the Piceance Creek 


Geology of Piceance 
Creek Basin 

The basin is a high 
Whit 
bounded on the 
Creek and on 


RK iD 
toan an mugla 


plateau 


tween the 


imately 50 miles | ! 

and contains over 1,650 

of Green River hale 

square miles have 

ampled sections 

laid down nai 

Eocene time. In 

River formatior 

000 feet in tl 

contains three gener 
The most interestir 

cially is the ipper 

ibout 500 ft thick 

15 gal of oil per tor 

crops for 145 

steep cliffs tl 

above the Color 

utaries 


These 
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bound the south side of the basin are 
iccessible by several sheep and cattle 
trails but otherwise are reached only by 
circuitous ranch roads entering at the 
north edge of the basin. A 70-ft section 
bottom of the 
as the Mahogany 
selected for the 


} 


near the upper zone 


known ledge) was 
Bureau’s mining oper 
itions. This section assays about 30 gal 
per ton but contains some 1-ft beds as 
rich as 75 to 80 gal and some of 7 to 9 
ft in thickness in the range of 55 to 60 


gal per ton 


Oil Reserves 

To date the Mines has 
drilled 12 core holes through the main 
Naval Oil-Shale 
which 
1948 and 1949. In the 
13 holes drilled by 


oil companies in an area approximately 


Bureau of 


oil-shale zone on the 


Reserve a eight of were com 


pleted during 
period, 


same were 


25 miles long and 10 miles wide im 
Naval 
drilling has 


Naval 


but some information has been gained 


mediately west of the Reserve 


No diamond 
north of the 


been done 


Reserve boundary, 


by assaying drill cuttings from four gas 


wells located 14 to 17 miles farther 


l 
mortii. 


Wh le we ll logs based ipon these gas 


well cuttings are less accurate than as 
says of cores from diamond-drill holes, 
1,000-square 


ey outline roughly a 


mile area of the Green River formation 
n northwestern Colorado and confirm 


beds 


gradually thicken toward the center of 


the theory that the rich shale 
the basin 
Based upon the foregoing core-analy 
daia, the Bureau of Mines estimates 
that a 1,000-square-mile area of the 
Piceance Creek Basin contains a 500-ft 
il or more 


thick measure assaying 15 g 
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THE PICEANCE CREEK PLATEAU with oil-shale demonstration plant and 
mine below the cliffs. The area lies between the White and Colorado rivers and is 
about 50 miles long and 35 miles wide, and contains some 1,650 square miles of 


Green River shales. 


of oil per ton of shale, which is equiv- 
alent to at least 386,000,000,000 bbl of 
oil. Within this 500-ft upper oil-shale 
measure is a continuous richer measure 
known as the Mahogany ledge, which 
averages about 108-ft thick and assays 
at least 25 gal of oil per ton, equiva- 
lent to 126,000,000,000 bbl of oil. It is 
believed that early commercial exploita- 
tion will be confined to the Mahogany 


ledge 


Oil-Shale Retorting 

To convert the kerogen or organic 
matter in oil shale into oil, destructive 
distillation in the temperature range of 
about 750° to 1,000°F is 
Literally, hundreds of retorting proc- 


necessary. 


esses have been proposed for carrying 


out this apparently simple reaction. 
Without undue oversimplification, most 
of these can be grouped into about four 
general classes: 

1. Those in which the heat of retort- 
ing is conducted through a steel or re- 
fractory wall. Common examples of this 
kind are the vertical Scottish Pumpher- 
ston and the 


often-suggested sloping 


rotary or cement-kiln type. Probably 


the greatest drawback to this sort of 
heat economy due to 


retort is its poor 


low heat transfer through a wall. 
fired 
retorting 1s 


2. Internally retorts in which 


heat of theoretically ob- 


tained entirely by combustion of the 
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fixed carbon 
after the 


that remains in the shale 


oil vapors are driven out. The 
maintained by drawing o1 


shale bed 


combustion con 


combustion i 
blowing air through the 
Sometimes additional 
trol is attained by diluting the air with 


recycled inert gases from the system 


The Union Oil Co. and the N-T-U re 
torts are the best known in this cate 
gory. This type usually is characterized 
by mechanical simplicity and low oper 
ating costs. Retorting temperatures are 


ntrol with most of these 
it least with the N-T-U, the 


possibly 


hard to co 
units; and 
bec a4use “0 


vields are low, 


combustion of a part of the raw shale or 


of the oil vapors. 


3. Those 


continuous 


supplying retorting heat by 
circulation of previously 
heated liquids through the 
shale bed 


may vary widely as regards simplicity 


or gases 


Adaptations of this system 


depending ipon how the source of the 


heat load may be divided between the 


sensible heat and organic residue in the 


retorted shale, the “make-gas,” and 


other sources. Examples of this type are 
the Frenct 
of Mines 
type, retorting 


controlled, the 


Lantz retort and the Bureau 
With this 


easily 


Gas-Flow process 
temperatures are 
and close! equipment ts 


complic ated, and, in some in 


vields of 100 to 110 per 


not too 
stance cent 
of the Fischer 


attained 


laboratory assay ire 
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1. Those supplying heat for retorting 
by recycling hot solids such as metal 
balls, pebbles, or spent shale. A good 
example is the adaptation of the fluid- 
ized catalytic cracking technique by 
which retorting heat is obtained by re 
circulating several volumes of hot spent 
shale for every part of raw shale. Some 
of these processes have rather difficult 
mechanical problems, and in some in 
with the shale 


stances dust cuarry-ovet 


oil is a definite draw-back. 
Retorting Studies 

Short investigations near the present 
Rifle plant, ending in 1929, had con- 
vinced the Bureau of Mines that the 
Scottish 


adaptable to 


Pumpherston retort was not 
American conditions and 
Green River shales. The same studies 
proved that, despite certain draw-backs, 
the N-T-U batch retort was mechanical 
ly feasible with any Green River shales 
that were likely to be exploited com- 
mercially. As a starting point and in 
order to produce as quickly as possible 
enough volumes of crude shale oil for 
large-scale refining research, two 40-ton 
N-T-U_ batch 

These units were completed in May, 
1947 
used for a broad experimental program 


retorts were constructed. 


and for almost two years were 


involving a wide field of operating con 
This has yielded much 
information of value in the 


ditions. study 
technical 
design of more efficient continuous re 
torting processes. During recent months 
the N-T-U retorts have been operated 
on a routine production basis without 
regard for technical data but purely for 
production of maximum volume of re 
finery charging stock and fuel oil. 


Gas-Flow Pilot Plant 

Several continuous retorting proces- 
ses are being studied at Rifle. These 
vary in status at present all the way 
from the initial process design stage to 
pilot-plant operation. For the past year 
major emphasis has been on investiga 
tion and improvement of the Gas-Flow 


process. 


This pilot plant has a capacity of 
0.50 to 1.0 ton per hour. It involves 
gravity flow, the throughput rate being 
regulated by a vibratory feeder which 
discharges the retorted shale from the 
bottom into a conveyor and thence to 
the dump. The vertical retort is re« 
tangular in cross section, and the long- 
er sides are slotted louvers. As the shale 
falls between the louvers through this 
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section, it is heated to retorting tem 
perature by the crossflow of hot process 
gas which carries the oil vapors through 
the back louvers and to the condensing 
system. The uncondensed gas is circu- 


lated by a low-pressure blower from 
system through a heater 


louvers of the 


the conden-er 
and back to the 


retort 


inlet 


earlier temperature 


As mentioned 
with this retort, and 


range of 100 to 110 


control m= easy 
yields are in the 
Fischer 


per cent of tie laboratory 


asray. 


Shale-Oil Refining 


Chemically, crude shale oil is quite 
different 


In fact, in 


from any crude petroleum 


some respects it shows a 


greater resemblance to coal tar. It is 
o waxy that the point is about 
80° to 90°F 


somewhat 


pour 


th 


Properties of the oil vary 


depending retorting 


upon 


method, but shale-oil fractions are high 


ly unsaturated. A representative hydro 
carbon analysis shows: Unsaturates, 50 
per cent, aromatics, 20 per cent, and 


paraffins and naphthenes, 30 per cent 


Many 


have more than 0.75 per cent sulfur, but 


American crude petroleums 


petroleums contain appre 
1.75 to 


in shale 


rarely do 
ciable percentages 'of nitrogen 
2.20 per cent of which occurs 
oil, The sulfur compounds present are 
diffeult to re 


largely thiophenic an 


move. Paradoxically, sulfur content is 
rather uniformly distributed throughout 
the boiling range, therefore the gasoline 
fraction has almost as much sulfur as 
the gas-oil or residual cuts 


Another dissimilarity from petroleum 
presence of tar acids 


from 2 to 4 


fractions is the 
and tar bases, which range 


per cent and 7 to 9 per cent, respe 
tively 
The high degree of unsaturation and 


shale suffi 


modification of con 


other peculiarities oil are 


crent to require 
refining technique In the 
hould he 


rude at a distance 


ventional 
first place, if it preferable to 
refine the from the 


source, the high pour will neces- 


point 
sitate either the use of heated pipe lines 


or a viscosity-breaking operation at the 


retorting plant 


Sulfur and nitrogen compounds do 


not seriously affect the marketability of 


the heavier fuel-oil fractions. Reduc 


tion of nitrogen content of the lighter 
specially to improve 


stabil 


cuts is desirable, e 


odor and to increase 
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gasoline w sulfur content 
st Diesel-fuel 


ity of the 


of shale gas oils me« 


specification limits, se d treatment 


of these fractions has been applied 


mainly for improvement of cetane num 


ber, storage stability, and color 


Refining at Rifle Plant 


The refinery at the Oil-Shale Demon 


stration Plant was designed for the low 


est capacity that would pern ising 


conventional petroleum-refinery 


equip 
ment. The furnace and fractionating 
lor atmos 


breaking 


tower can be used either 


pheri« topping or viscosity 


recycle cracking, coking, or other con 


ventional thermal cracking operations 


The throughput rate from 100 
to 300 bbl per day 
type of operation 

At Rifle, in the 


period, the major emphasis 


ranges 


depending 


upon 


early construction 
was placed 


on development of the mine and con 


struction of retorting and p lot plant 


facilities. The refinery was the latest 


major construction phase to be com 


pleted and was not operated until late 


last summer. Trial runs have been made 


on each type of possible operation ex 


cept reforming, and optimum operating 


conditions are now being worked out 


In view of the low percentage ol 


gasoline fractions atmospheric topping 


is of minor interest; and it is believed 


that, for commercial refining, the crude 


oil would normally be charged directly 


to a coking or thermal cracking step. 


Chemical Treatment 
lreating 
vided for 


tillate fractions, including gasoline, with 


equipment has been pro 


(1) pretreatment of all dis 


dilute caustic soda and dilute sulfuric 


acid for tar-acid and tar-base removal. 


respectively; (2) for continuous low- 


temperature treatment with strong sul 


furic acid; and (3) for continuous do« 
tor sweetening where desirable for odor 
mprovement. Due mainly to the refra 

toriness of many of the sulfur com 
pounds, heavy acid treatment of shale 
oil cracked gasoline is necessary to re 
duce sulfur content to specification lim 


ts and to improve lead susceptibility 

Although the above is not a superior 
quality motor fuel, it is as good as can 
be made from many natural petroleums 
by conventional refining methods. It is 
believed that continuation of these pre 
liminary refining tests will develop feas 
ible techniques that will provide still 
better fuels 

Preliminary indications are that there 
will be no particular problem in refin 
distillates, Diesel 


fuels, to meet commercial specifications. 


ing shale including 
A recent Diesel-fuel batch was heavily 


treated to give 49 cetane number. It 
s believed that, from the standpoint of 
competitive economics, a _ preferable 
commercial operation might treat only 
to about 45 cetane number as losses and 
appreciably 


~x~ « * 


costs would be 


treating 


lower. 


AN UPPER DRILLING JUMBO operating by means of two movable platforms. 
Four percussion drills are operated simultaneously. With the jumbo, two men 


ean drill a round of 72 holes 
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15 ft deep in five or six hours. 
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Drawdown Method of Taking Productivity 


Tests Needs Further Simplification 


The advantages and disadvantages 
of the drawdown method of taking pro- 
ductivity tests in the state of Kansas 
were pointed out by P. T. Amstutz. }e.. 
consulting engineer, at a recent meet- 
ing of the Kansas Section in Wichita. 

Some 35 members heard the speaker 
discuss “Engineering Considerations on 
Productivity Tests as Practiced in Kan- 
ras.” 

Amstutz began by briefly reviewing 
the history of oil development and pro- 
ration in Kansas, calling particular at- 
tention to the change in the method of 
taking potentials in the state with the 
adoption of the drawdown technique 
in 1939. 

The drawdown method is a proce 
dure which permits determining the 
theoretical capacity of a well by ob 
serving a stable fluid level or bottom 
hole pressure during each of three 
periods of stable withdrawal rates. The 
fluid level-production rate data are ex- 
pressed graphically and serve in the 
calculation of the theoretical maximum 
capacity rate which would be achieved 
if the fluid level or bottom hole pres- 
sure were reduced to zero. 
disadvan- 


Certain advantages and 


tages of the drawdown method of tak- 


By L. G. Chombart 


P. T. AMSTUTZ, JR. 
Wants Shorter Productivity Tests 


Ing productivity tests were suggested 
by Amstut is he reviewed the graphs 
of 40 tests or more. Two of the disad 
vantages mentioned were 


l. In rder to be 


required differences in withdrawal rates 


certain that the 
have been maintained during the test 
period, most operators produce their 
wells during the high rate considerably 


in excess of the maximum rate required 


by the rules. The higher production 
rates used require a longer stubiliza 
tion time, thus prolonging the test. 

2. The high rate of withdrawal to 
which the well is subjected during a 
drawdown test is several times greater 
than the normal operating rates. Even 
though this rate may be sustained for 
only a period of a few hours, it may 
stimulate premature encroachment of 
water 

These two disadvantages are far more 
serious than commonly appreciated 
Amstutz said. Numerous official pro 
ductivity tests were reviewed during 
which the appearance of water could 
be ascribed to the production rates 
used during the te. In this regard, 
many men present at the meeting, satis- 
fied from their own experience, agreed 
Amstutz that the 
increase in water percentages brought 


with a statement by 


about by slightly elevated rates of pro 
duction in effect for only a short pe 
riod of time are not as a rule corrected 
by the return to lower production rates. 

It was acknowledged that any change 
in the method of taking productivity 
tests which either shorten the period of 
time required for the test or lower the 


Continued on Page 24, Sec. 1 


BEFORE THE MEETING gets under way officially, conversation runs in numerous channels. Holding a serious discussion 
at left are John Roberts, assistant director of the Kansas State Corporation Commission, and Tom Hamilton. In a lighter 


vein at center, Bob Gerner, Phillips Petroleum Co.; 


Theo. A. Morgan, director of the State Corporation Commission; and 


Louis Chombart of Schlumberger Well Surveying Corp., converse. At right, enjoying the whole procedure, are Bob Norton 


and Art Woerheide of Shell Oil Co. 
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MicroLogging in the Mid-Continent 


By 


on the wall of 


permeable zones 


tates the detection 


ind thus gives infor 


useful in defining the exter 
meable formation 

The present MicroLs 
consists essentially 


which is pressed aga 
the drill hole 


inserted three sm 


ind 


are 
C.K. RUDDICK 


" : apart 
Explains MicroLog Principles I 


Values 


by 


recorded 


marily the resis 
cake, the thickne 


the ot 


With ular 
interpretation a 
Mid-Continent 


i Schlumberge 


partic empha 


applic ition sO 
kK 


Surve 


vd 
irea, ¢ 
Well 

MicroLog 


it Pel 


the 
Mud 


low 


resistivity 
‘ ake 


which is 


the mud 


sistivity wher 


discussed the 


resistivity 
] he 
perme able 
ehece 
MicroLo 


to the 


é ; i 
Oklahoma ¢ thon «of 


Ruddick explained that the 
Mict Log 


format 


thon presen 


zone 
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Phased upon the on the 
curves 


Bopposite perimne ible 
Phy drostatic pr 

Phrevle 
here is a 
ale 


thar 


permeable 


ON A FIELD TRIP 





H. Robert 


Sells 


ind that of the invaded formation. The 


Normal on the conventional elec 


log 


records a value which usu 


illy approximates the resistivity of the 


invaded zone 


The departure between the micr 
resistivity curves characterizes resistive 


permeable formations having a_ lave 


of mud cake deposited upon them; ref 


to the 16-in. Normal sometimes 


erence 
helps the 
In Oklahoma 


useful 


interpretation 
has been 


Hunton 


par 
lime 


the tool 


ilarly in the 


and in section 


the conglomerate 
Oklahoma 


obtained or 


stone 
Western 
re sults 


Equally Lon 


have been 


stones where it has served as an 


to the Spor 


tremely valuable auxiliary 


taneous Potential curve 


\ similar was presented by 
H. G. Doll 
ger Well Surveying Corp 

in New York 
This paper 


published it 


paper 
Director of Research 


Schlumber at 
he AIME 
City 

he 
full 


innual meetir 
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SAN JOAQUIN VALLEY 





Oil Pool Drives Classified 


By C. L. Doyle 


c. & 


leum engineer of Union Oil Co., pre- 


Babson, assistant chief petro- 


sented his paper entitled “Generalized 
Performance of Oil Pools Under Va- 
rious Reservoir Drives” before mem- 
bers of the San Joaquin Valley Section 
in Bakersfield, Calif., April 5. 

Babson told the group that the fac- 
tors affecting the performance of an oil 
pool may generally be classified into 
four groups. The first factor, he pointed 
out, is the nature of the driving forces. 
The forces bringing oil to a producing 
well may be gas and oil expansion, 


gravity segregation, water encroach- 
ment, and possibly the compaction of 


rock itself. 
The second factor is the nature of the 


the reservoir 
resistive forces, he said. The forces re- 
sisting movement of fluid to the well are 
frictional resistance and capillary 
forces. The magnitude of the frictional 
resistance is given by the reservoir mo 
bility ratio which is defined as the per 
meability ‘oil viscosity ratio. 

\ third factor is the size and shape 
of the reservoir. Such items as amount 
of closure, faulting and zone lenticu 
larity may have a natural affect on the 
pool performance. 

The fourth 


The factors involving pool 


factor is the manner of 
operation 
performance that can be controlled by 
the operator are well completion and 
production practices and the supple 
menting of the natural drive 
j 


py gas oF 


reservoir 
water injection. 

Babson said that oil pools are gen 
rally classified as to reservoir drive 
One such type is the depletion type 
pool. He added that there are two types 
of depletion pools: those with internal 


vas (solution gas) drive only, and those 
with external gas drive (gas cap), Pools 
of this 


Examples in California are the Los An 


type must have low mobility. 


geles Basin Miocene Pools. the Stevens 
Sand Pools and the Sespe Sand Pools. 

The wells show high pressure draw 
downs and continually increasing gas 


oil ratios. The gas-oil ratio is not a 
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function of the 
the structure 


position of the well on 
Recove ry e fhe rency Is 
low, approximately 15 to 25 per cent 
The rate of production may have 


effect on the re« 


some 


overy as lower rates 
tend to conserve gas energy by reducing 
the gas-oil ratios and may result in 
higher ultimate 

Another 


pool. Conditions necessary for a gravity 


recovery 


type is the gravity drainage 


drainage pool are high mobility and a 


closed reservoir The wells show low 


drawdowns. Gas that comes 


pressure 


out of solution in the formation mi 


grates upstructure and gas-oil ratios 


are dependent on rate of production 


Gas-oil ratios of high structural wells 


show an increase with time. Recovery 


efficiency is high. and can be over 60 
per cent 


Bab 


ssure maintenance by gas 


Recovery is not affected by rate 
son said. Pre 
higher 


injection may give slightly 


coveries because of maintenance o 
duced oil viscosity. Because of 
covery efliciency the use oO 
tion is not attractive 
Water drive ty pe poots 


relatively high permeab lity and the res 


ervolr rot continuous aqu 


per cent water drive 


added 


ilifornia, he 
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Reservoir pressure and gas-oil ratio 
remains constant with time. Recovery is 
often very high, 60 to 70 per cent, and 
is not affected by production rate ex 
cept as regards water coning. Gas caps 
lo not aid recovery but when a gas cap 
is present and allowed to shrink, recov 
ery will be reduced. 

Most 


drives 


California oil reservoirs show 


that are combinations of the 
above three types, Babson said. These 
are classified into closed-type reservoirs 
and open-type reservoirs. 

In closed reservoirs both depletion 
and gravity drives may be important. 
These 
mobilities. Early in the life (at high 


pools must have intermediate 
production rates) the pool acts as a 
depletion-type and in later life as a 
gravity drainage type. Operating proce 
dure may have a great effect on the 
pool performance. Low rates tend to aid 
the gravity effects. 

Recoveries can range from 25 to 65 
maintenance (with 


per cent, Pressure 


has the most beneficial effects in 


gas) 


the lower mobility range. In open 
type reservoirs, depletion, gravity and 
water encroachment can be important. 
The mobility ratio must also be in the 
intermediate range. Performance — is 
greatly affected by the operating proce 
dure, The pressure level at which the 
pool is operated affects the performance 
and is a function of the production 
rate. Primary gas caps do not usually 
iid recovery but may reduce it if gas 
ip shrinkage is allowed to occur. Pres- 
-ure maintenance by gas should be con 
sidered in the higher mobility ranges 
lower mobility 


ranges, Babson concluded. ~ * * 


nd by water in the 


4 


members engage in an informal discussion of reser- 


voir drives at the Section’s recent meeting in Bakersfield, Calif. They are, L to R, 


Speaker E. C. 


Babson, Union Oil Co.; R. N. 


Ayars, Ohio Oil Co.; Harry Camp- 


bell, Franco-Western Oil Co.; Murray Putnam, Standard Oil Co. of California: 
and chairman of the San Joaquin Valley Section; Armbruster, Shell Oil Co.; and 


Donald Nutter, Shell Oil Co 
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Differences in Recovery May Be Result 


Of Well Spacing and Intensity of Development 








READ WINTERBURN 
Favors Wide Well Spacing 
Read Winterburn, in an interesting 
analysis of the Ford Zone, Block L, of 
Sthe Wilmington oil field, concluded that 
ithe 


differences in recovery in the va 


rious portions of the zone are appar 
bently the result of well spacing and the 
Pintensity and rate of development. Win 
Union Pacit 


before the 


Railroad Com 
Pacihe Coast 


Fechnology 


terburn 
spoke 


Petroleum 


pany 
District 
on March 27 at the General Petroleum 
Corp. Auditorium in Los Angeles 

In the Ford Zone dis 
cussed, the depth ranges from 4,500 to 
5.000 ft 
approximately 700 ft 


Croup 


area of the 


Total thickness of the zone is 
rhis 


predominantly shale with several sandy 


interval is 
zones. Approximately 200 ft. of pro 
ductive oil sand exists in the interval 
and some lensing of sands occur. Other 
tight non-productive sands occur in the 
level 


the various productive oil sands are not 


interval. The water underlying 


on a horizontal plane. Permeabilities 


range from 5 to 250 millidarcies and 
the average is approximately 75 milli 


darcies. Measured porosity 25 per 


SECTION | 20 


JOURNAL OF PETROLEUM 
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cent, and the most reasonable 
stitial water content is presumec 
$2 per cent of the total pore 
Gravity of the oil is 30 API 
beginning of development, the res 


oil was found to be undersat 
The 


2.350 psi and the 
1,850 ps! 


initial pressure in the z 


bubble pe 


For the purpose of analysis, Winter 
burn divided the pool into three por 


> 
tions. Portion I consists of 219 acres 


and was defined as the town-lot area 


and was subject to the earliest and 
most rapid development The first well 
in this portion was complete 
Nineteen wells, or 60 pet 

drilled 


> 
Portion | 


continuously at 


total wells were 
the first year 
duced 
Gas-oil ratio increased from 

of 1,000 cu ft per bbl to a peak of 
and subsequently leclined 

cu ft per bbl. The water cut ros 


’ 


25 per cent in 1940 and has remaines 


at 25 per cent si 

Portion Il is loca 
tion [ and Portion HII a: 
The first well was 
1937 but 


not proceed as rapidly as ir 


245 acres 
this area in levelopment 
The second well in 


drilled in 


wells had been complete 


1939 and by 1° 


ng nine wells were dri 
eight years. The peak w 
from Portion Il wa 
2,000 bbl per day i 

of 1944 the water 

ind this has increase 
The gas-oil rat 

from this portion 


bbl 

The first well 
acres Comprising 
Six wells were 


ind two more 


TECHNOLOGY 


reached a peak production rate of 1,200 
1945. and 


withdrawal 


bbl per day in September 


has declined to a present 
rate of approximately 400 bbl per day 
The peak gas-oil ratio was 2,700 cu ft 
per bbl and has declined to 2,200 cu ft 
per bbl. The water cut is now 25 pet 
cent 


Well 
leve loped 


spacing in the more rapidl 


Portion | is very uneven 
ind averages approximately 61 acre: 
per well, whereas the spacing in Por 
tions If and III is approximately 1( 
well. The 


well rate in the three areas is approxi 


acres per current average 
35 bbl per day 
Portions I, Il 


rather high mo 


mately 22 bbl per day 
and 42 bbl per day in 
ind III respectively. A 
bility of the reservoir liquid is indi 
cated by the very slight decline in re 
ervoir period of 


pressure during the 


production it reservoir pressures above 


After 


ble point pressure, the 


the bubble point reaching bub 


wells exhibit 
1 much more rapid pressure decline in 
reased mobility of reser 
iffected 


wells 


dicating a de 
voir fluid and a shrinking area 


by withdrawals from individual 


Very 


gradients have 


steep and = persistent pressure 
existed between the va 
rious portions of the pool and this 

particularly between Portior 
Portion II 


pressures of new 


apparent 
{ and Furthermore, init 

wells drilled durin 
of Portions I and 


III indicate residual pressures betwee 


recent development 


wells approximately 500 psi above the 


iverage pressure in those portions ot 


the pool. This can be attributed to higl 


yressure gradients resulting from low 


iobility of reservoir fluids or to lenticu 


irity and lack of communication in the 


pores of the sands 


\ composite decline irve constructed 


from performance of individual wells 


ndicates that annual decline rate i 


5 per cent for a well producing 90 


bbl per day and this decline flatten 


Continued on Page 24, Sec. 1 
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Chief Uses of Core Analysis 


By W. G. Paul 


Assisting the intelligent approach to 
well 


many important uses of core analysis, 


completion is only one of the 
according to Norris Johnston, head of 
Petroleum Technologists, Inc. of Monte- 
bello, California, who spoke April 13 
to members of the Junior Section of 


the Pacific Petroleum Chapter in 


Downey, California. 


Johnston has had wide experience in 
the field of core analysis and produc- 
tion research, formerly being in charge 
of these functions with the General 
Petroleum Corp. Topic for his discus- 
sion was “Interpretation of Core Analy- 


sis for Well Completion.” 


In the completion application, the 
major objective is quick utilization of 
the core to determine whether or not 
the well will produce water, oil or gas; 
not so important are the quantities of 
each which may be produced. The ma- 
jor contribution of core analysis is, 
therefore, in the determination of satu- 
ration and the presence of oil and gas 
productive sands. Permeability and po- 
rosity, grain analysis and consolidation 
for liner design, and correlating with 
electric log interpretation are the other 
major uses of core analysis in this ap- 
plication. 

In the attempt to define reservoir con- 


ditions from core saturation, a major 


problem arises from the difference 


which exists between the core as re- 


ceived in the laboratory and as it ex- 
isted prior to entering the core barrel. 
One of the important factors contribut 
ing to this difference is the type of 
drilling fluid employed. There may be 
as much as 150 per cent water con 
tamination of a core due to the efflux 
of water in the drilling fluid ahead of 


the bit and radially outward into the 


formation. Oil base mud will prevent 


this anomaly and can, therefore, make 
the interpretation somewhat simpler. 
Regardless of drilling fluid employed 


there is still the problem of pressure 


May, 1950 


loss liberating the gas content of the 


core as it brought to the surface 


Pressurized core barrels to prevent this 
loss have been applied, but are not in 


general use as reasonable approxima 


tions are possible 


Another factor affecting core satura 


tion is the mobility of the oil as meas 
ured by the 
ability. The ratio is affected by the oil 


gravity 


ratio of viscosity to perme 
solution gas oil ratio tempera 


ture, and permeability. Interpretation 
of the pressure gradients existing when 
the core is taken is likewise of impor 


tance. Mud weight, depth, and forma 
all contribute to the in 
fluids or 
to concentration of well fluids ahead of 
the bit 


speed (the slower the more contamina 


tion pressure 


vasion of a core by drilling 


Exposure factors such as coring 


tion), laminarity of sand (there is leas 


vertical invasion of the core in a lam 


nated sand than in a massive body 


core size more contamination — the 


smaller the cross section of core). and 


drilling fluid water loss all affect the 


saturation of the core a t 


ppeat 
the laboratory 


Other factors suc is sand 


pe ritie 


ability, interstitial water content. state 


of reservoir depletion and total satura 
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tion should be determined and utilized 
Finally, 


comparison of adjacent sample proper 


in the core analysis. from a 
ties, much can be predicted regarding 
the productivity of the core, for it is 
unusual to have any large difference it 
saturation over small lateral distances. 

Core analysis can be of valuable as- 
sistance in the interpretation of electric 
logs, especially in the distinction of oil 
and fresh water sands and oil produc- 
tive formations. Johnston pointed out 
that formations which indicate oil satu- 
rations on an electric log can be wet 
due to salinity differences which can 
only be determined by core analysis. 
Formation resistivities also can be in 
terpreted by means of core analysis and 
the information obtained can supple- 
ment that acquired from the electric 
log 


Continued on Page 24, Sec. 1 


\ BRIEF RESPITE is enjoyed by these members of the Pacific Junior Group 


hefore the meeting gets underway 
Rowe of The Texas Co., and N 
rechnologists, Ince 
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rhey 
van Wingen and R. E. Buckland of Petroleum 


PETROLEUM TECHNOLOGY 


are, L to R, O. W. Chonette and W. E. 
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RUPERT C. CRAZE 
More Complete Coring Needed 
Humble and 


fundamental 


Rupert C. Craze of Oil 
Refining Co. discussed the 
ind gas 


principles governing oil pro 


duction at a recent meeting of the Per 
mian Basin Section in Midland, Texas 
and presented the results of investiga 
tions relating to the application of ana 
lytical techniques used for sandstone 


reservoir studies to the study of lime 


stone reservoir performance 
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Limestone Reservoir Performance 


By Tom Flewharty 


His views were expresse 
reading of his paper entitle 


ince of Limestone Reservoirs 


Craze pointed on 
past 20 vears, researt 
in the study of reservoir 
dealt principally with flow of oil thre 
Many 


sand fields have proved valuable in 


<andstones reservoir studies 


moting recovery efhciency, he said 
The characteristics of limestone 


rous systems, porosity-permeability 
lationships, distribution and occurre 


of oil 


through such systems were pointed ou 


and characteristics ’ 


the 


Recognition was made of 


ties or diflerences which these f 


exhibit in limestone and sandstone 
tems. 

Comparisons between oper 
ind 
voirs were presented and 
that the 
fluids in 


limestones follow the same 


for typical limestone 


cated distribution 


ment of ind thro 


Oil and Gas Property App ‘aisals 


By Peter G. Burnett 


Gerald J. Loetterle, geologist with the 
consulting firm of Hudnall and Pirtle in 
Tyler, 
of oil gas 
meeting of the East 


Tex., discussed the appraisal 


and properties before the 
Texas Section and 


The 


principles in 


the Shreveport Geologic al Society 
various phases and basi 
volved in the appraisal of oil and gas 
properties were presented by Loetterle 
to the large group which assembled in 
Shreveport on April ll 

The determination of oil in place in 
the reservoir by the pore volume meth 


Three 


water 


od was first discussed types of 


recovery mechanisms, the drive 


gas cap drive and solution gas drive 


were considered. Loetterle stated that 


water drives generally resulted in 60 to 


oO per cent recovery of original stock 


tank oil in place, gas cap drives 40 to 


to 60 per cent recovery ind selution 
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gas drives 15 to 40 
(usually near 20 per 
recovery tactor 
on the basis of 
tions, and nature 
Analogy with oth 
often ai good 
recovery 

In estimating 
serves in a Water 
tance of structural 
out, leases on top of the 
fiting most by regior 
expanding gas cay 
position is important 
reverse to that of a water 
solution gas drive. str 
unimportant 


The 


rate otf 


product ol 
water i 


ods of estimat 
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principles underlying such processes i: 


sandstones. This fundamental similarit, 


may readily be discernible in the per 


formance of many limestone reservoirs 


The volumetric balance and unste ady 


state radial flow equation, the fluid di 


placement equation, use of electrical 


other analytical 


the 


inalogue devices, and 


techniques to study behavior of 
fields 


applicable but do not require thorough 


limestone appear fundamentally 
inderstanding of the properties of the 
of the fluids 


flow 


formation their behavior 


during and ade quate produc tion 


perating data 


Need for more complete coring and 
examination = of 
The results of 
flow 


interference tests were presented 


comprehensive core 


properties was stressed 


“active oil studies and of and 
Craze 
ilso touched on well spacing. well com 
pletion and efficient rates of production 

limestone reservoirs. In attendance 


were 16] me ot the 


it the 
Sector * * * 


meeting 


GERALD J. 


Gives Principles of 


LOETTERLI 
Appraisals 


"W 
water 
iting re 
ethod 


The material balance 1 
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Drilling Mud Properties 


By Sam J. Poythress, Jr 


George Gray. who has been with the 
Gulf 


Barvid Sales Division since 1943, spoke 


Coast Kesearch Laboratory of 


comprehensively on drilling muds be 
fore the Mississippi Sub Section at 
Natchez April 7. 


basic functions of the mud (to carry 


Beginning with the 


uttings from the hole, to eliminate 
cuttings at the surface, to keep fluids 
in the formation in place, to seal off 
permeable formations which might take 
whole mud or the liquid mud filtrate 
from the hole, and to cool and lubricate 
the bit and drill pipe) Gray advanced 
to a discussion of the use of oil emul 
sion mud in directional drilling. 

rhe various tests of mud properties 
which are in common use give little in 
formation about what the mud will do. 
Usually one can determine the density 
of the mud at the surface, viscosity by 


Marsh funnel or Stormer viscosimeter. 


pH. filtration properties at 


el strengt | 


100 psi differential under surface con 
ditions temperature and pressure 
and the { content as per cent by 
volume 


Phere 


surtace whicl play an important part 


nechanical factors at the 
such as tl pumps which may change 
the bottom hole pressure while circulat 
and tl reulation rate along with 


y 
ing 


the viscos which will determine the 
ability of the mud to lift cuttings to 
the surface. The arrangement and size 
of the pits and shale shaker will influ 
ence the iration of cuttings at the 
surface 
Subsurface conditions, such as _ the 
fluid in the formation and the type of 
reck encountered must also be consid 
ered. He ivil 


cial treatn 


hales will require spe 
and cause special prob 


lems, sands will furnish much abrasive 
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DISCUSSING DRILLING MUDS and 
their properties are George Gray, left, 
of Baroid Sales Division, and Leo 
Hines of the California Co. 


material which may require additional 
facilities for settling and some forma- 


tions will allow the loss of whole mud 


H. B. Leeton, Gulf Refining Co. pre 
sided and spoke to the members on the 
plans of Delta Section for the Petro 
leum Branch meeting in New Orleans 
October 4-6 Se @ 


Houston Group Studies Flow of Reservoir Fluids 


Meeting in the Club Room of the 
Humble Houston, 
the AIME Re-ervoir Engineering Study 
Group convened on April 13 to hear 
William Hurst “The Steady 
State Flow of Reservoir Fluids.” Hurst 


initiated the discussion by mentioning 


Building in Tex. 


discuss 


the men who have contributed so much 
to the theory of fluid flow such as La- 
place, Darcey. Slichter, Lamb, and Heavy 


iside 


In particular, the Laplace equation 


is now one of the fundamental equa 
tions for handling flow problems, but 
until the operational calculus using the 
Laplacian operater was developed by 
Heaviside, the equation could not be 


Hurst 


though most of the equations and laws 


applied pointed out that, al 
have been known for many vears the 
Darcey equation was first proposed in 
1856, three years before the first oil 
well was drilled in the United States 


it is only within recent vears that 
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they have een applied to oil field 
probletns 

Following this introduction, Hurst set 
up the grid patterns for such systems 
as the line-drive and five-spot and de 
rived the equations relating the poten 
tial to the rate of flow for a well at any 
point in the 


pattern. The speaker then 


showing the 


preeented a series of slides 
calculated potential and streamline dis 
tributions for a field containing an in 
put and producing well. He showed how 
total 


the breakthrough and recovery 


eficiency increased as the distance be 


tween input and producing well in 


creased. He also illustrated the 


tial and 


poten 
treamline distribution in a 
homogeneo hve-spot pattern 
Hurst stated that 


probabl 


although there are 


entire homogeneous oil 


reservoirs, the equations can be applied 


by dividing the formation into parallel 


conducting ivers according to the per 


meability tribution and bracketing 


the laver within certain permeability 
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ranges. By multiplying each permeabil 
ity range by the total thickness of that 
group and dividing by the sum of these 
products, one can calculate the percent 
ige of the total injected gas or water 
volume that is going to each layer. 
This method seems to be valid be 
cause of the numerous shale breaks o1 
very low permeability streaks in most 
reservoirs that either prevent or retard 
extensive vertical movement. The speak 
er thought that as the distance between 
nput and 


producing well increased 


the recovery efhiciency increased and 
the formation behaved more nearly like 
1 homogeneous conductor. 

Following the formal presentation of 
the subject there were questions asked 
by various members of the study group 
amd a lively discussion took place. The 
ictive interest seemed to indicate that 
another meeting should be devoted to 
the subject and Hurst agreed to con 
tinue his discussion in more detail at 


the next regular meeting. ~x~* * 
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Completion effectiveness (the behavior 
of a well compared to its theoretical at 
tributes) also can be aided by core 
analysis by acquiring knowledge about 
a formation through coring prior to a 
well’s completion. It is possible to eval 
uate production difficulties resulting 
from hydration plugging and water 
blocking, due, for example, to the hy 
dration of argillaceous material which 
can result in a severe permeability de 
crease, Well treatments with acid, chem 
ical washes, mud cake removal prac 
tices and surface tension control may 
aid in obtaining a good completion. No 
one method is best in every case, how 
ever; and often, if the well exhibits 
poor productivity, excess remedial ef 
forts will not correct the situation and 
it may become necessary to redrill. 

Johnston concluded with a brief di 
cussion of the value of core analysis in 
reservoir engineering. He showed that 
core analysis can substantially aid the 
interpretation of a sand count as ob 
tained from an electric log and that 


proper analytical core interpretation 
aids the reservoir engineering in de 
termining the amount of interstitial 
water and in determining porosity and 


permeability barriers in reservoirs. * 
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to 5 per cent at approximately 20 bbl 
per day per well and the decline rate 
P presumably remains constant at lower 
rates of productivity. Accordingly, it 
would require 26 vears for a well to 
decline from 25 bbl per day to 5 bbl 


per day 


The barrels per acre-toot recovery 
anticipated for the three areas and the 
anticipated recovery per well are pre 


sented in the following table 


Hetimated 
Pertion Past Future Ultimate 


l 147 62 09 300,000 
ll 106 73 179 $65,000 
Il 74 82 156 325.000 


Ultimate 
Bbi/Well 


Winterburn feels that there has been 
little migration from one portion of the 
zone to another because of the very 
steep pressure gradients which have 
persisted over long periods of time and 
also because of the cumulative gas-oil 


ratio performance of the three portions 


Seon? . i. 


Apparently the differen 
ery in the various portio 
from differences in the 
and in the intensity and 
opment. The cumulative g: 
for Portion | has amounted t 
imately 1,180 cu ft per bbl 
to 1,355 cu ft per bbl for 
and 1,450 cu ft per bbl fo 
If]. Winterburn woitld anticipate 
appre iable migration of fluid nto t 
more intensively developed Portion I 
would result in higher 


oil ratio for that pertion 


The University of Southern Ca 


nia student chapter of the AIME w 


sponsor a technical session to be held 
on the campus of that Univers 
Friday, May 19, 1950. Several 

papers will be presented 

meeting will be held 

Notices will be sent to 

branches of the AIMEI 

and their guests. It 

students and fa 
from the Universi 
UCLA, Stanford 
ifornia Institute of 


tend and participate 


EAST TEXAS 
Continued from Page 22, Sec 


tilizing reservoir pressure decline and 
production, was covered briefly. Use of 
the pore volume and material balance 
gas 


nethods in calculating reserves in a 
field was illustrated. 

\ sample profitability analysis for a 
hypothetical field illustrated the manner 
of calculating the return on the invest 
ment for a typical field evaluation. Last 
of all, Loetterle discussed the factors to 
be considered in estimating the life of 
1 property. The producing status of 
wells, height above water table, rate of 
increase of water, possible plugbacks 
ind allowable rates are some of the 
mportant considerations 

Loetterle’s talk was enthusiastically 
received by the geologists and engineers 
of the area who gathered to hear his 
talk 

Officers of the AIME and the Shreve 
port Geological Society were introduced 
by W. W 
the East 


Leonard, vice-chairman of 
Harvey M« 
Arthur, program chairman, introduced 
the speaker ~*~ * * 


Texas Section 
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Continued from Pag 


required rates of prod 

test would be benefi 
It was stressed 

ticularly true in we 

depleted areas or 

penetrate the produ 

the water level 
The long per 

study which wa 

itors in’ Kan 

adoption of the 

recalled by man 

it was acknowl 

in Kansas was 

tant steps i 

the state. The 

mission mm putter 

fect was acclaime 
It was agree 

mation reviews 

the present req 

al in takir 

reduce | as much 


sacrificing more 
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vwecuracy in the calculated productivity 
of the well 

Further studies were authorized, the 
purpose of which will be to review of 
ficial drawdown tests taken in many 
pools representing all types of wells 
n order to further establish what loss 
of accuracy. if any, would result from 
the use of the two lower rates of pro 
duction called for in the present rule 

ilating a drawdown test 

It is inticipate 1 that a specihe re 
mmendation can be made from the 

the number of points 


range © 


Added nterest Was I 1 he mee 
by the pre-ence © \ Morga 
lirector of the Conservation Divisior 
State Corporation Com 

John Roberts, assistant 


I Brown, chairman « 


presided 2 * 8 
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DISCUSSION OF THIS AND ALL FOLLOWING TECHNICAL PAPERS IS INVITED 


Discussion in writing (3 copies) may be sent to the Editor, Journal of Petroleum Technology, 601 Continental Building, 
Dallas 1, Texas, and will be considered for publication in the Transactions volume Petroleum Development and Technology. 
Discussion will close December 1, 1950. Any discussion offered thereafter should be in the form of a new paper. 








SELECTIVE SP LOGGING 


H. G. DOLL, MEMBER AIME, SCHLUMBERGER WELL SURVEYING CORP., RIDGEFIELD, CONNECTICUT 


ABSTRACT 


An earlier paper on the general sub- 
ject of the SP log has analyzed the 
limitations of that log, in particular 
when dealing with thin permeable beds 
enclosed in thick highly resistive ones. 
Under such conditions, the SP log does 
not give a good definition of the per- 
meable beds. 


Selective SP logging is a new meth 
od which gives an accurate determina 
tion of the permeable beds. even in 
highly resistive formations, except when 
the salinity of the mud is extremely 
high. It also permits a close approxi- 
mation of the static SP to be obtained. 


consists 
controlling the potential of auxiliary 


The method generally in 
electrodes located in the drill holes in 
the vicinity of the measuring electrode. 
In this manner, the flow of SP current 
modified to 
counterbalance the effect of highly re 


along the drill hole is 


sistive strata 


Several procedure: and arrangements 


References given at end of the pape 

Manuscript received at the office of the Pe- 
troleum Branch October 24, 1949. Paper pre- 
sented at the Petroleum Branch meeting in 
Columbus, September 25-28, 1949, and at the 
San Antonio meeting of the Petroleum Branch 
October 5-7, 1949 
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used to record selective SP curves and 


static SP curves are explained 


Field 


methods are 


examples illustrating these 


given and discussed 


INTRODUCTION 


In an earlier paper,’ the shape of the 
SP curves and the amplitude of the 
SP peaks were analyzed, considering 
how the circulation of the SP current 
is influenced by the subsurface media 
as a function of their geometrical con 
figuration and their resistivities. It was 
shown, in particular, that the perme 
able beds situated between highly re 
sistive formations are sometimes in 
distinctly indicated by the deflections 


of the SP k g 


It is the purpose of this paper to 
liscuss a new method now being devel 
selective SP 


oped, namely 


whose prim ipal feature is to enable a 
more accurate determination of the 
cepths of the permeable beds present 
n highly resistive formations. such as 


occur in limestone fields 


It will be shown also how an addi 


t'onal curve called the static SP log can 


he derived from the selective SP log 
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logging.’ 


or recorded directly, to facilitate the 
interpretation. 


(nother purpose of the static SP log 
is to provide an approach toward the 
determination of the value of the static 
SP, where this value is not readily 
ziven by the SP log. This application, 
although less important at the present 
time than that mentioned above, never- 
theless is of interest, inasmuch as, ac- 
cording to laboratory and field experi- 
ments conducted by several investiga- 
tors, the determination of oil saturation 
of reservoirs from the data of the elec- 
tric log implies the knowledge of the 
resistivity of the connate water,”” to 
static SP 


which the seems to be 


related.*** 


PRINCIPLE OF SELECTIVE 
SP LOGGING 


The method of selective SP logging 
of the formations traversed by a bore 
hole consists in recording two curves 
under the following conditions: 


The measuring device comprises one 
measuring electrode M and two addi- 
connected to 


tional electrodes G-G’, 


each other. located above and below 


129 








T.P. 2850 


electrode M and preferably symmet 
rical with respect to M (Fig. 1). The 
distance between G-G’ is taken equal 
to a few fret. As the device is moved 
along the bore hole, the average of the 
potentials at electrodes G and ©’ is 
maintained at a constant value, and the 
difference between the potential at M 
and the average of the potentials at 
G and G’ is continuously recorded 
With this device, two curves are re 
corded corresponding respectively to 
two different values of the potential at 
G-G’,* suitably chosen, as will be dis 


cussed below. 


When recording each of the curves, 
the potential at G-G’ is controlled by 
means of two other electrodes A-A’, 
also connected to each other and situ 
ated outside of and respectively very 
close to G-G’. A current whose inten 
sity is adjusted, for example, by means 
is fed 


to A-A’ from the surface through one 


of a potentiometric circuit (1) 


of the conductors of the cable. The 
intensity of this current is controlled so 
as to keep the potential at G-G' at a 
selected constant value. This current 


is called the monitoring current 


The electrodes G-G’ are connected 
to a reference electrode (3) at the sur 
face by a second conductor, through a 
meter (2) which is used for controlling 
the potential at G-G’. Electrode M is 


also connected through a third con 


ductor to the surface where a meter 


(4) permits the recording of the dif 
ference of potential between M and 
G-G’. The internal resistances of the 
meters (2) and (4) are great enough 
so that the measuring circuits do not 
interfere with each other, nor with 
the distribution of the potentials pre 
vailing around the electrode system 
These resistances are represented on 
the drawing by separate conventional 


symbols, 


Remark 


trode designates the potential prevail 


The potential at an elec 


ing in the mud around that electrode 
In fact, however, the meters are con 
nected to the metal of the electrodes so 
that the potentials which are recorded 
or controlled by the meters are the 

*In order to simplify the wording, the aver 
age of the potentials at electrodes G and G 


will be designated for short as “the potential 
at Gi’ throughout this paper 
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THEORETICAL CIRCUIT FOR THE 
SELECTIVE SP LOGGING 


potentials in the mud plus the contact 
potentials between the mud and the 
metal. It is, therefore, desirable that 
the contact potentials of the electrodes 
M, G and G’ with respect to mud be 
equal and stable so that these contact 
potentials cancel out when the differ 
ence of the potentials between M and 
G-G’ is recorded. It is also desirable 
that the surface electrode (3) be stabk 
since the potential at G-G’, which must 
relerred to thi 


be kept constant, is 


electrode 





























ELECTRODE SYSTEM OPPOSITE A 
THICK SHALE BED 


FIG. 2 
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Analysis of the Procedure 
\ thick 


ind impervious bed, such as a shale of 


homogeneous, conductive. 


low resistivity, is supposed to overlie a 
thick, highly resistive formation such 
is compact limestone, including perme 
ible and impervious conductive beds 
It is further supposed that the static 
SP’s are the same respectively for all 
the shales and for all the permeable 


heds.? 


Iwo cases will be examined, accord 
ing to whether the potential at G-G’ is 
brought to a value equal to the static 
SP of the shales \V 
SP of the permeable beds V,,. 


or to the static 
These 
two cases correspond respectively to the 
two curves which constitute the selec- 


tive SP log. 


Selective SP Curve No. 1 — The 
Potential at G-G’ Is Kept Equal 
to the Static SP of Shales 


The device is placed in front of the 
thick shale bed at appreciable distance 
from its boundaries (Fig. 2) and no 
current is sent through A-A’. As the 
bed is thick and homogeneous the po 
tential at G-G’ is equal to the static 
SP of shales: this potential is noted on 
the meter (2). On the other hand, the 
potential being constant in the mud in 
front of the shale bed, the difference of 
potential between M and G-G’, that is 


the selective SP, is equal to zero. 


The device is then lowered while the 
potential of G-G’ is maintained con 
stantly equal to the static SP of shales 
by means of the monitoring current. 

The following circumstances are ob 
erved, depending on the formations 
successively traversed by the electrode 
system 

(a) When the 


resistive 


device enters the 


highly compact formation 


(Fig. 3), the potential at G-G’ tends 
to become negative with respect to the 
static SP of shale, as an effect of the 
flow of the original SP current prevail 
ing in the mud column. A monitoring 
current of appropriate intensity and 
therefore, to be fed to A-A’ 
so as to keep that potential at ©-G’ 
jual to the static SP of shale 


sign has 


static SP of a bed is the value of the 
which would be ebserved in the mud 

of this bed, in the ideal case wher 

rent is prevented from flowing. Fur 

her explanations in this respect are given ir 
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With the monitoring current in oper- 
ation, the current flows as shown sche- 
matically on the figure. No current can 
flow in the bore hole between G and 
the shale, since the potentials at G and 
in front of the shale are equal. Above 
electrode A, therefore, the current 
flows entirely in the conductor of the 
cable connecting electrode (5) to elec- 
A. From A to A’, the current 
flows in the low resistance conductor 


trode 


which connects them to each other. 
From A’ downward to the permeable 
bed, the current flows in the mud col- 
umn, The current penetrates into the 
permeable bed to a great distance un- 
til sufficiently large cross sections are 
offered by the surrounding formations. 
From there on it flows toward the sur- 
face of the ground and reaches the sur- 


face of electrode (5) 


The intensity of the monitoring cur 
rent is such that the potential at G-G’ 
is maintained coustant. The ohmic drop 
of potential due to the circulation of 
the current along the bore hole from 
G’ to the level of the permeable bed 
and along the permeable bed to surface 
electrode (5), minus the emf’s occur- 
ring between G’ and electrode (5), is 
therefore constant. As the device goes 
down through the highly resistive for- 
mation, the total emf remains practi- 
cally constant, whereas the path of the 
current along the bore hole becomes 
shorter and the total resistance offered 
to the current decreases. The intensity 
of the monitoring current, consequent- 


ly, increases progressively. 


The potentials at M and G-G’ re 
main equal, however, whatever the in- 
tensity of the current, since there is no 
possible exchange of current between 
the mud and the surrounding forma- 
tions, which are supposed practically 
infinitely resistive, and the signal re 


corded remains equal to zero. 


(b) When the device reaches the 
level of a thin permeable bed, and 
when electrode G’, for example, crosses 
the bed as shown in Fig. 4, a part of 
the current flows from A into the bore 
hole towards the bed, and another part 
goes directly down to A’, and from A’ 
into the bed. The potential at M is 
thus smaller than at G-G’ because of 
the ohmic drop of potential in the bore 


hole. and a negative signal is recorded. 
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FIG. 3 — ELECTRODE SYSTEM OPPOSITE 
HIGHLY RESISTIVE FORMATION 


The boundaries of the recorded peak 
are situated at a distance from the 


GG 


boundaries of the layer equal to 


) 


the width of the deflection is therefore 
equal to the thickness of the bed plus 
G-G’, i.e., plus approximately the over 
all length of the device. Moreover, it 
can be demonstrated that in the cas« 
of a thin bed, enclo ed in highly re 


sistive formations, the peak has a tr 
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FIG. 4 — ELECTRODE SYSTEM OPPOSITE A 
THIN PERMEABLE BED COMPRISED BETWEEN 
HIGHLY RESISTIVE FORMATIONS 
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angular shape, the apex of the triangle 
being located in the center plane of the 
hed 


(c) When the device is opposite a 
thick permeable bed, a plateau is ob- 
tained and the width of the deflection is 
still equal to the bed thickness plus the 


over-all spacing. 


d) When the device is opposite a 
thin shale bed encased between highly 
resistive formations, the potential in 
the mud, around G-G’, is made equal 
to the static SP of shales. By defini- 
tion, this static SP is the potential 
which would be cbserved in the mud 
at the level of the shale bed, if the SP 
current were prevented from flowing. 
If any current flowed along the shale 
bed and the hole close to the bed, the 
potential at G-G’ could not be, there- 
fore, equal to the static SP of the 
The fact that the potential of 
G-G’ is equal to the static SP of shale 


shales. 


implies, therefore, that no current flows 
in the thin shale bed. 


Consequently, there is no ohmic po- 
tential drop in the mud, between G-G’ 
and M, and the potential at M is equal 
to the potential at G-G’, so that the 


elective SP meter reads zero potential. 


Selective SP Curve No. 2 — The 
Potential at G-G’ Is Equal to 
the Static SP of Permeable Beds 


The reasoning is quite similar to 
that of the preceding case, and sym- 


metrical results are obtained 


rhe selective SP log gives zero read- 
ings in front of highly resistive forma- 
tions and permeable beds. Deflections 
toward the positive sides are observed 
opposite shale beds. The width of each 
anomaly is also equal to the bed thick- 
ness plus G-G’, and the shape of the 
peaks, in front of thin shale beds, is 


triangular. 


Conclusion—This analysis shows that 
the method of the selective SP logging 
can give the exact location of the con- 
ductive streaks interbedded with high- 
ly resistive formations, and can dis- 
tinguish between shales and permeable 


streaks 
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In the usual case where the SP in ¢ SELECTIVE SP SELECTIVE SP 
front of permeable beds is negative LOG LOG 
* STATIC SP U= STATIC SP OF 


with respect to the SP in front of 
OF SHALE PERMABLE BED 


shales, the following pattern is ob 
served, where l designates the poten 


tial maintained at electrodes G-G 





1. If the potential U is kept equal 
to the static SP of the shale the 
curve recorded stays on the zero line 
in front of the shales and the highly 


resistive compact tormations, and 





sharp peaks toward the negative side 


in front of the permeable be | 


2. If the potential U is kept equal 
to the static SP of the permea le bed 
the curve recorded stays on the zero 
line in front of the permeable beds and 


the highly resistive formation and 





shows sharp pe aks toward the positive 


side in front of the shale bed 


This is illustrated in Fig. 5 which ZERO ZER 
LINE LINE 


‘ shows am he matic cross sectior com 
prising shale beds ¢ ind ¢ hard SCHEMATIC REPRESENTATION OF SP AND SELECTIVE SP CURVES OPPOSITE 


formations H,, H,, H, and permeabl CONDUCTIVE BEDS AND HIGHLY RESISTIVE FORMATIONS 
” é a 5 ‘ | rt ‘ Me re att 


Sheds P, and P The conventional SP 
3 y «el » SP cur ‘ 

é log and = the elective I ve a expressed lista 
corded for U equal to static SP 


‘V.) and for U equal to stati« 
permeable beds (V,) are ilse 
sented on the chart 
pom 
The pattern would = be y ’ tance from the wore ol ! current were prevented trom 


course, in the rather exception ‘ lowing. the potential of the mud in 
Further | I t tiie tal , 


Swhen the SP in front of pert ble beds - , , ; rent of the permeable bed would. by 
is positive with respect to the SP in ps ; eae definitior be equal to the static SP 
front of shale, which occurs ordinaril of the permeable bed (\ and rela 
when the salinity of the mud : , i ance i on (1) would reduce to 


than that of the connate wate 


Quantitative Data 


1. The magnitude of the peak ol 
tained opposite a thin conductive bed 
encased between hard formations, can if potentials between 


he approximately computed through a is equal and of opposite 


simple reasoning aces occur etween the | to the ohmic drop of the current 


n tront oft ‘ ( j r 
Referring to Fig. 6-A, the “ n the same interval, namel 
ry repre ented of 4 } 


shown centered with respect to ¢ ; 
ventiona svi 


permeable bed encased between | the int 
resistive lormations 
. select sp 
With the hole diameter and the thick ; _ ' 
thereto 
ness of the bed being supposed small — 


expression 
with respect to A-A’, the resistances in = 
the current path may be considered 
equivalent to linear resistances as 


shown in Fig. 6-B 
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FIG. 6 


SCHEMATIC DISTRIBUTION OF THE CURRENT AT 


THE LEVEL OF A THIN 


PERMEASLE BED AND EQUIVALENT LINEAR RESISTANCE NETWORK 


Quite a similar reasoning would show 
that if the potential at G-G’ is taken 
equal to the static SP of permeable 
beds, the selective SP in front of thin 


beds 


sistive strata, is given by: 


shale situated within highly re 


(\V . (4) 


The following conclusions can be 


deduced 


(a) The deflections of the selective 
SP log are proportional to the magni 
tude of the static SP of permeable beds 
with respect to that of shales, or vice 


versa 


(b) R, is proportional to the spac 
ing. and to the mud resistivity, and is 
inversely proportional to the sectional 


hole. 


irea of the 


Consequently, it might seem advi 


ible to take G-G' as great as possible 
so as to obtain the best possible con 
But the spacing cannot, however 


width of the 


trast 


he exaggerated. lest the 
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peak be lat id pero ible 


at short one another 


not clea ‘ acing 
tween 
inches h 


held pra 


In the 
mud Is 
and the 


also ver 


calculated 


(« R | been 


good er r ipproximation. Using t 


following notations 
thicknes 
imeter 
sistivity 


istiv't 
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( omputed e xrample Fig. 
schematic sequence of thick shales C., 
C,, thick and resistive strata H.. H,, H 
and thin permeable beds P, and P,. 
The selective SP curve has been com 
puted for the case of the potential at 
G-G’ being equal to the static SP of 
shales. The conventional SP curve has 


heen also approximately computed and 
is traced on the chart for comparison 


CASE WHEN ALL THE PER- 
MEABLE BEDS AND ALL 
THE SHALES DO NOT HAVE 
RESPECTIVELY THE SAME 
STATIC SP’s 

It often occurs that the static SP’s 

of the permeable beds encountered in 
i bore hole are not the same. For ex 
the salinities of the interstitial 
different, so that the 
total SP emf’s and, consequently, the 
tatic SP’s, are different. Also, 
permeable beds may contain an appre 


ciable 


show 


imple 
waters may be 


some 


amount of shaly material, and 
a pseudo-static SP, which is less 
than the static SP of permeable beds 
having the same connate water but a 


ne gligible content of shale. 


It also happens, although much less 
that different beds 
values of static SP. 


frequently, shale 


how different 


In practice, two potentials U, and | 


which are kept constant at electrodes 
G-G’ for the 


preferably selected so that 


recording of the two 
curves are 
equal to the most positive of 
SP’s of shales, and U, to the 
most negative of the static SP’s of per 


meable beds 


the statu 


Let V 


the most 


and V, now be respectively 
positive and the most 


SP’s in the 


nega 


tive static section under 


nvestigation, and V., an intermediate 
SP, related, for in 


permeable beds. The 


ilue of the static 
tance, to shaly 

leflections of the selective SP curves 
in front of these last beds will be re 


spectively proportional to (\ Vo) 
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V,) according to whether 
or to V,. The 
peak recorded is towards the negative 


and to (V., 
U is chosen equal to V, 


side of the log in the first case, and 
towards the positive side in the second 
case. 


Under these conditions, if it is sup- 
posed that all the conductive beds have 
approximately the same thickness and 
the SP 


log will have the following features, on 


the same resistivity, selective 


the average: 


With 
to the 


Selective SP Curve No. | 
that is, 


(1) 
U, being equal to V., 
most positive of the static SP’s, all per 
meable beds will give negative peaks, 
the greatest peaks being observed in 


front of the beds where the static SP 


is the most negative. Permeable beds 


with formation water of lower salinity. 


or with shale content, i.e., with a less 


static SP, will give smaller 


In general, all the shale 


negative 
deflections 
beds will correspond to zero reading, 
the SP’s of 


practically equal. Quite exceptionally, 


becau e static shales are 
however, some shale beds, whose static 
SP is less than V 


deflection. 


can give a negative 


Selective SP Curve No. 2--With 
that is, to the 
SP’s, all 
The 


SP is 


(2) 
U, being equal to V,, 
of the 


give 


‘most negative static 


shales will positive peaks 


spermeable beds, whose static 


equal to V, will correspond to zero 
reading, and the permeable beds, with 
a static SP less negative than V,, will 


show positive peaks, but of lesser mag 











nitude than shales. 


REMARK REGARDING THE 
ADJUSTMENT OF THE 
POTENTIALS U, AND U 


It is always possible to find 


among the formations to be investigated 


thick enough shale beds or permeable 
that the SP of 


can be accurately determined from the 


beds such static each 
conventional SP log. It is, nevertheless 
possible to determine the desired val 


and Il 


locating the device successively in front 


ues for the potentials | by 


of a thin shale and of a thin permeable 


bed, provided, however, that each of 


these beds be comprised between high 
ly resistive formations. The monitoring 


current is then adjusted in each case 


so as to bring the reading of the poten 
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S.P CURVE 
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of Shales 


COMPUTED SP CURVE AND SELECTIVE SP CURVE OPPOSITE CONDUCTIVE 


BEDS AND HIGHLY RESISTIVE FORMATIONS 


tial difference between M and G 


equal to zero. The potential G-G 


1 
is thus brought to a value equal to the 
SP in 


ean 


ted 
r 


maintained b 


static front of the sele 


and thereafter be 


monitoring at the value thus deter 


mined 


Such an adjustment 
always easy 


shale beds or 


not always appear clearly on 


to carry 

thin permeable 
the cor 
ventional logs. It results 
the 


sometimes not 


that prac 


and | 


they 


tice, values chosen for | 


are exactly 


should be 


If it is supposed, tor 
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example if 


L, is than \V 


lower than V,, both shales and perme 


taken greater and [ 
able beds will give negative peaks on 
the first curve, and positive peaks on 
the second one. The distinction between 


shales and permeable beds by direct 
reading of the selective SP curves be 
comes difficult in this 


ase 


Fortunately, it is always possible to 
the 
and | 


suitably adjusted, by means of 


deduce accurate conclusions from 


-elective SP logs. even if I 


were not 


1 simple computation method by which 


i static SP log can be derived from 


the selective SP curves, as explained 


hereatter 
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COMPUTATION OF THE 
STATIC SP LOG FROM THE 
CURVES OF SELECTIVE SP 


The above formulae (3) and (4) 
can be easily generalized. It can be 
shown that the magnitude of the de- 
flection of a selective SP curve in front 
of a thin conductive bed enclosed in 
highly resistive formations is given by: 


R, 


(V-U) 
2R, + R 


(5) 
where V is the static SP of the bed 
and U the potential maintained at G-G’, 
both being related to the same refer- 
ence potential. It appears from this 
equation that, as already stated, when 
AV is equal to zero, in front of a con- 
ductive bed, the potential at G-G’ is 


equal to the static SP of the bed. 


Supposing now that U, and U, are 
the two potentials at G-G’ during the 
recording of two selective SP curves 
No. 1 and No. 2, and that 


AV, are the corresponding values of 


AV, and 


the selective SP, it follows: 


Rt 
= 101 
Rm 10 
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hence 


lf [ for example, is arbitrarily 
taken as reference potential, the equa 


tion simplifies as follows 


This equation shows that the value 
of the static SP can be deduced, at 
each depth, by a very simple propor 
tionality rule, using the two curves of 


the selective SP log 


It is worthwhile to stress that the 
values computed for V are independent 
and | 


In other words, the static SP can be 


of the respective values of | 


computed even when the values U, and 
and U, have been so poorly chosen that 
the selective SP log is difficult to read 


directly 


The values of Y. 


of depth, enable one to trace a curve 


plotted in terms 


which is the “static SP log.” This curve 
can also be directly recorded, by means 
of a proper arrangement of the cit 
cuit. The explanation of this process 


is given in a later section 


—— CONVENTIONAL SP LOG 
SELECTIVE SP CURVE 
—-— STATIC SP LOG 








-~-- TRUE VALUE OF THE STATIC SP 


FIG. 8 


COMPUTED SP CURVE, SELECTIVE SP CURVE AND STATIC SP CURVE OPPOSITE 
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ESSENTIAL FEATURES OF 
THE STATIC SP CURVE 


(a) In the general case, where the 
connate water of the permeable beds is 
more saline than the mud, the static 
SP log shows deflections towards the 
negative side in front of permeable 
formations, and deflections towards the 
positive side in front of shales. The 
indications are reversed in the excep- 
tional case when the mud is more sa- 
line than the formation waters. An 
accurate record of the conductive beds 
inside highly resistive formations is 
obtained, and the distinction between 
permeable beds and shales is improved, 
even when the interpretation of the 
selective SP log is not easy at first 


glance. 


(b) When the conductive beds un- 
der investigation are encased within 
compact formations, the amplitude of 
the deflections of the static SP log 
gives the true value of the static SP 
of these formations. 


This second result, however, is not 
always completely obtained in prac- 
tice. As shown above, the amplitude of 
the deflections of the selective SP is 
inversely proportional to the average 
resistivity of the formations surround. 
ing the electrode system. When this 
resistivity is high, which often occurs, 
the deflections of the selective SP 
curves are very small and the smaller 
the deflections, the greater the graphi- 
cal relative error in their determina- 
tion. The value of the static SP de- 
duced from the proportionality rule 
may, therefore, not be absolutely accu- 
rate in that case. The error is still 
greater if a certain drift occurred in 
the zero line as a consequence of the 


instability of the electrodes. 


DIRECT RECORDING OF THE 
STATIC SP LOG 


If the electrode system is placed in 
front of a thin conductive bed, in 
cluded within highly resistive forma- 
tions and if no current is sent through 
\-A’, a certain difference of potential 
occurs between M and G-G’. The po- 
tential at M, for example, is negative 
with respect to the potential at G-G’. 
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If a current is sent through A-A‘’, such 
that the potentials at M and G-G’ are 
made more negative, the potential at 
M is less modified than the potential 
GG’, 


tween M and G-G’ decreases, and the 


at The potential difference be 


current can be adjusted until this dif 
At this 


moment, both M and G-G’ are brought 


ference becomes equal to zero 


to the same negative potential which is 


equal to the static SP of the bed. The 


same process would take place, of 


course, if the original potential at M 


before sending any current, were posi 


tive with to the potential at 


GG’. 


respect 


located 


thick conductive bed, the potentials at 


the device is opposite a 
M and G-G’ are, evidently, both equal 
of bed, 


any current being sent through 


without 


A-A 


to the static SP the 


The procedure for the recording of 


the static SP. therefore, consists in 


adjusting the monitoring current so 


that the potential difference between 
M and G-G’ be kept equal to zero when 
the electrode device is moved along 
the hole, and in recording the common 
potential at M and G-G' versus depth 

This procedure is theoretically strict 
ly equivalent to that which consists in 
the 


SP from 


ot 


the log 


SP 


deriving static 


selective curves by means the 


P proportionality rule. as already ex 


) plained. In practice, however, and in 
asmuch as the techniques of applica 
tion are different for each of these pro 


ob 


not always 


cedures, the errors in the values 


tained for the static SP are 
the same, and some discrepancies may 
he observed between the recorded and 


computed static SP logs 


CASE OF PERMEABLE BEDS 
SITUATED BETWEEN CON- 
DUCTIVE FORMATIONS 


The application of the new method 


has been described so far only for the 
interbedded 


In 


case of moderately resistive formations 


ease of conductive streaks 


resistive formations the 


in highly 


such as sequences of shales and sands 


and, more generally, in the case of per 
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COMPUTED SP, SELECTIVE 


PERMEABLE BEL 


meable beds bounde: by itive 


formations, the characteri 


selective SP log and of 


log are somewhat different 


tial features of the 


are reviewed below 


|. The 


SP logs, on the 


selective SP 
average 
breaks at the level of the 
the beds than the conver 
In Fig. 8 


the conventional 


are shown 


sp 
for | 


tive SP curve equal to 


SP of shales, and the static SP curve 


computed for the case of two « 
beds 


impara 


tively thin permeable located 


PETROLEUM TRANSACTIONS, AIME 
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AND STATIC SP CURVES OPPOSITE A 


within 


trons 


f each permeable bed i 


times the hole diameter 


to 


ibout 


conductive 


OMPRISED BETWEEN CONDUCTIVE FORMATIONS 


impervious t« 


rma 


\s shown on the figure, the thickness 


tha 


s equal to 4 


t is about 


V. and the over-all spacing is equal 


9 times the 


hole 


9’. The resistivity of the per 


diamete 


*r, th 


neable bed has been taken equal to 


that of the 


“cause 


ele 


this 
for which 


ire possible 


The 


ate 


ability 
le 


trode spacing 


thin 


surroun ling 


condition 


beds 


mathematical 


of the new 


depend 


one 


com 


met 


s on 


formation- 


the 


puta 


hods 
the 


If the individual bed 
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FIG. 10 


SCHEMATIC RERESENTATION OF THE ACTUAL CIRCUIT USED FOR 


RECORDING THE SELECTIVE SP 


thickness in a sequence of permeable 
and impervious layers is such that too 
many of them are included within the 
over-all spacing, it is difficult to dif- 
ferentiate these layers. If the beds are 
very thin, only one average deflection 
is obtained and, therefore, the shortest 


possible spacings seem desirable. 


Too short a spacing, however, may 
give too small deflections of the selec- 
tive SP curves in front of the different 
layers, because the influence of the 
mud is too great. As for the static SP 
log, it would be theoretically possible 
to decrease the spacing so that the 
thinnest individual layers could be dif- 
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ferentiated, but the disturbing effect 
due to zero instability of the equipment 
is substantially increased for short 


spacings. In practice, therefore, the 
electrode spacing should not be re 
duced under certain limits, lest inad 
missible errors be introduced into the 
measurements An 


average spacing 


consequently, is applied, which is be 


tween 60 and 80 inches 


3. The magnitude of the deflections 
of the static SP log is a function of the 
spacing, of the geometrical configura 
tion and of the resistivities of the media 


surrounding the electrodes 
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1. For very thick permeable beds, 
the magnitude of the deflections of the 
static SP log from the shale line, gives 
the static SP with respect to that of 
shales, as is also the case with the 
regular SP log. A difference between 
the magnitude of the deflections and 
the true value of the static SP begins 
to appear for comparatively small val- 
ues of the bed thickness. But, as a 
rule, this difference is always less than 
the difference observed from the regu- 
lar SP log, all other conditions being 


the same. 


This result is illustrated by Fig. 9. 
which shows the conventional SP curve, 
the selective SP curve for a monitoring 


potential U equal to the static SP of 


shales, and permeable beds of different 


thicknesses (e) ranging from 2 hole 
diameters (2d) to 16 hole diameters 
(16d). The beds are supposed included 
between impervious formations of same 
resistivity, equal to 21 times that of 


the mud. 


In the present example, if the shale 
line is taken as the reference line, it 
appears that the deflection of the static 
SP log is almost equal to the true 
value of the static SP of the permeable 
heds for e equal to 2d, whereas the 
conventional SP curve gives a much 
smaller deflection. For e equal to 4d 
and to 8d, the deflection of the static 
SP log becomes greater than the true 
static SP, whereas the conventional SP 
deflection is smaller. For e equal to 
lod, the shape of the static SP curve 
is more complicated. Instead of one 
single peak, the curve shows a central 
depression bounded by two symmetri- 
cal peaks (a) respectively below and 
above the upper and the lower boun- 
dary. The magnitude of the deflection 
at the level of the depression is ap- 
proximately equal to the static SP. 


\ similar shape would be obtained 
for thicker layers; the curve would 
show a plateau corresponding to the 
true static SP, and two accessory peaks 
would occur at both boundaries of the 
bed 


It should also be mentioned that 


sharp depressions (b) are observed 
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slightly above and below the boun- 
daries of the beds, whatever the thick 


ness of the bed. 


These accessory peaks and depres- 
sions, such as (a) and (b), appear on 
the log when the electrode device 
crosses the boundaries between two 
different beds, and, for that reason, 
are designated under the general term 


of boundary effects 


APPLICATION OF THE 
STATIC SP LOG 
Besides its application for the loca- 
tion of the boundaries of permeable 
beds inside highly resistive formations, 
the static SP log can be used for a 
closer determination of the true value 


of the static SP, wherever the conven- 


tion Sp log fails to give it with close 


enough approximation, as, in particu- 
lar, in the case of thin beds. This last 


feature is interesting, because the 
static SP of permeable beds is one of 
the elements used for the tentative 
evaluation of the saturation of - reser 
voirs, as already mentioned in the in 


troduction of the present paper 


It should be recalled that the static 
SP is a sum of emf's which are a fun 
tion of different characteristics of the 
strata, such as salinity of the connate 
water, for example, but which are by 
no means connected directly with the 
value of the permeability, measured 


in millidareys.’ 


FIELD TECHNIQUE 
lL. In field practice, instead of re 
cording successively two selective SP 
curves with two different values l 


and | 


same result is obtained more conveni 


of the potential at G-G’, the 


ently in only one run. To this effect 
the potential at G-G’ is made periodi 
eally variable between two limits re 
spectively equal to U, and U., and one 
single curve is recorded with only one 
galvanometer. The vibrated curve thus 
recorded is bounded by two envelopes 
which are respectively identical to the 
curves which would be obtained if the 
potential at G-G’ were kept constant 


and equal to U, or to | 
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2. The potential at G-G’ for selective 
SP logging, or the difference of poten 
tials between M and G-G’ for static SP 


logging, are controlled automatically 


by means of a special DC amplifier 


3. For 


(Fig. 10), one terminal of the input 


recording the selective SP 
circuit of the amplifier is connected to 
electrodes G-G’, and the other terminal 
to the surface electrode (3). The input 
circuit further contains a potentiometer 
(1) and a generator of low frequency 
alternating emf (2). The output ter 
minals are connected respectively to 
A-A’ and to the surface electrode (5) 


The meter (4) is used to record the 


selective SP and the meter (6) to con 


trol the accuracy of the monitoring. 


4. For recording the static SP, the 
same amplifier is used, but the circuit 
is different (Fig. 11). The input ter- 
minals are connected respectively to 
the electrodes M and G-G’ and the 
output terminals to A-A’ and to the 
surface electrode (5) According to 
the design of the DC amplifier, when a 
difference of potential appears in the 
input circuit, a current is sent through 
the output circuit, and this current 
tends to bring this difference of poten 
tial between G-G’ and M back to zero 
The potential difference between M and 


G-G’ is, therefore, automatically main 


DC 
AMPLIFIER 
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tained equal to zero; or very near to it, 
and the resulting potential at M and 
G-G’ is recorded by means of meter 
(4). The curve thus recorded is the 
static SP log. 


FIELD EXAMPLES 


Fig. 12 is an example of a selective 
SP log recorded under rather favorable 
conditions, opposite limestone forma- 
tions. The regular resistivity and SP 
logs are reproduced on the same chart. 


Several depressions corresponding to 


SELECTIVE SP 


H. G. DOLL 


conductive beds are noticeable on the 
resistivity log, and particularly on the 
curve recorded with the so-called “lime 
stone device.” Some of these depres 
sions correspond to curvatures in the 
SP log, but the determination of the 
exact location of the boundaries of the 
beds, and the differentiation between 
permeable and impervious beds, are 


not always easy from the regular curves. 


The selective SP log comprises two 
curves; the left-hand curve (selective 
SP Curve No. 1) corresponds to a po 
tential at G-G 
static SP 


practically equal to the 
of shale, and the right-hand 


RESISTIVITY 
NORMAL SONDE 
MESTONE SONDE 





HIGHLY RESISTIVE 
COMPACT BED 


INTERPRETATION FROM 
ELECTRICAL LOGS 


FIG. 12 
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curve (selective SP Curve No, 2) to a 
potential at G-G’ which is not much 
different from the static SP of perme- 


able beds. 


It appears that at many levels both 
curves are very close to the zero line, 
which is characteristic of extremely 
resistive formations. The greatest part 
of the section, therefore is made of 
compact beds. Several sharp peaks 
appear, however, on either curve: the 
peaks towards the negative side are 
noticed only on Curve No. 1, whereas 
Curve No. 2 shows practically no de- 
flections at the same levels. This fea- 
ture is definitely indicative of perme- 
able beds according to the schematic 
diagram shown in Fig. 5. Such peaks 
are numbered 1, 2, 3, 4, 8 on the 


drawing. 


The peaks towards the positive side, 
conversely, exist only on Curve 2, and 
correspond to practically no deflection 
on Curve No. 1. This indicates conduc 
tive impervious beds, numbered 5, 6, 


7 on the drawing. 


All the deflections, either negative 
or positive, are sharp enough for the 
boundaries of the different beds to be 
determined with reasonable accuracy, 
the influence of the spacing being, of 


course, taken into account. 


For the survey which is the matter 
of the present example the potentials 
U, and U 
for curves No. 1 and No. 2, could be 


at G-G’, used respectively 


adjusted very close to V. and V,, which 


makes the interpretation unequivocal. 


The interpretation is furthermore re- 
markably easy, in this particular in- 
stance, because the conductive beds are 
few and clearly separated from one 
another by thick and definitely hard 


formations, 


It was thought superfluous to com- 
pute the static SP log, which would 
not add anything to the data already 
recognizable on the chart, as far as 
the location of the conductive beds is 
concerned. The value of the static SP 
in front of each conductive bed can 
however, readily be obtained in this 


case. At the level of permeable beds | 
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13 AN EXAMPLE OF AN IMPERFECT 


. 4, 


no deflection, 


Curve No. 2 gives practically 


which means 


static SP of these beds is equal to the 
1 


potential U, prevailing at G-G' when 


Curve No. 2 was recorded. In the same 
way, the static SP of shale beds 5, 6. 7 
is equal to the potential | 


at G+’ 


prevailing 
Curve No. 1 


SP of the 


when the was 


recorded, The static 


therefore, 


perme 


beds with respect to shales is 


equal to (I | which 
itself can be read from the 
of the monitoring 


146 my. in the 


calibration 
equipment, namely 
present instance 


Fig. 13 on the 


contrary is an eX 
ample of an imperfect choice of the 
potentials U, and | This example is 
provided, however, because data of core 
analyses, regarding 


porosity and per 
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meability 


were 


hole under survey 


pared with the 


pretation of the « 


Inasmuch as U, and 
justed correctly in thi 
SP curves No 


deflections 


tive 
at ft perme able 
beds and shale ‘ ™ it the inter 
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The question 
the static SP 
deduc ed 
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POTENTIALS U, AND U 


front of compact highly resistive for 


mations, the curve has been traced ir 
dots along the corresponding intervals 


Also, the selec 


tive SP curves go off scale at the level 


such as (a) and (b) 


é and the corresponding value of 


the static SP cannot be determined 


e computed curve is interrupted a 


cordingly 
Generally, all the permeable streaks 
defle: 


inter 


ire marked by clear negative 


tions on the static SP log. The 
is confirmed by the results of 


Although the 


not complete, the 


pretation 


ore analysis permeabil 


itv record is data 


plotted on the chart are nevertheles 


numerous enough to illustrate the con 
between the electrical 


formity inter 


pretation and the laboratory results ot 
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cores, at the depths where both are 


available for comparison 


Fig. 14 is an example which shows 
a sequence of resistive permeable beds 
nterbedded in conductive impervious 


formations 


The static SP curve has been both 
directly recorded and derived from the 
selective SP curves by computation. It 
may be observed in the chart that the 
two static SP curves coincide closely, 
except for the interval A-B. In_ this 
interval, the resistivity of the  sur- 
rounding formation is very high, and 
the deflection of the selective SP curves 
is consequently very small, so that not 
only the possible shifts in the zero line. 
but also the graphical errors may re>ult 
in important differences in the value 
computed for the static SP. The sec- 
tion of the computed curve between 
A and B cannot, therefore, be consid- 
ered as reliable and has been repro- 


duced in dots. 


The boundaries of the different beds 


PeMMEARLE BEC 


| aetevous 


FIG. 14 
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are marked by sharp breaks of the 
static SP log, whereas the correspond 
ing deflections of the conventional SP 
log are very smooth. In this particular 
instance, the values of U, and U, for 
the recording of the selective SP curves 
were taken equal respectively to the 
static SP of shale bed (4) and of the 
ptrmeable stratum (7). The difference 


difference between the deflection of the 


was equal to about 110 mv. The 


static SP log 


(2) gives 


opposite beds 1) and 
f course, the same value 
But it is worth mentioning that perme 
able beds of moderate thicknesses, such 
as (3) and (7), show deflections on 
the static SP log which, although les 
than 110 my, are nevertheless larger 
than the corresponding peaks on the 
regular SP log 

Attention called also to sharp 
peaks, such as a,, a), a), a very 
close to the boundaries of the perme 
able beds, which are very likely “boun 
dary effects as described in the the 


oretical diagram of Fig 9 
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CONCLUSION 


Until recently, the conventional meth- 
ods of electrical logging have provided 
less information for the investigation 
of limestone fields than for the se- 
quences of formations such as sands 


and shales. 


The new methods of selective SP 
logging, and of static SP logging, 
which are now under development, 
promise a substantial improvement in 
the detection of the permeable strata 
located inside highly resistive forma- 
tions, which are commonly found in 


limestone fields. 


The new methods discussed in the 
present paper, under favorable condi- 
tions, can also determine the static SP 


of permeable formations, and should, 


therefore, prove useful wherever a 
quantitative value of the static SP is 


desired. 


Several studies are under way to im- 
prove the equipment, but, even in the 
present stage of development, field re- 
sults show that the new methods, al- 
though somewhat difficult in technique, 
should provide reliable interpretative 


data. 
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AN ELECTRONIC ANALOG COMPUTER FOR SOLVING 
THE FLASH VAPORIZATION EQUILIBRIUM EQUATION 


F. W. BUBB, WASHINGTON UNIVERSITY, ST. LOUIS, MISSOURI, R. G. NISLE and P. G. CARPENTER, MEMBER AIME, 


PHILLIPS PETROLEUM CO., BARTLESVILLE, OKLAHOMA 


SUMMARY 


It is the purpose of this paper to 
describe an electrical computer which 
has been constructed to solve the equa- 
tions for vapor-liquid equilibrium in 
multi-component systems. The inst: 
ment consists of seven componer' Com- 
puting units each with proper insicat- 
ing means and power supplies. Each 
unit is a resistance network with a 
voltage matching servomechanism, and 
each provides an output voltage pro- 
portional to the mol-fractions for vapor 
and liquid phases. These voltages are 
summed and matched with a reference 
voltage to provide the solutions. Any 
reasonable number of such units may 
be put together to make a computer. 
The theory and operation of the com- 
puter is discussed. A number of appli- 
cations and examples of computer re- 
sults are given. The computer yields 
the over-all vapor or liquid fraction to 
a probable error of 0.002. An interpola 
tion method is described which reduces 
the probable error to 0.0002. 


INTRODUCTION 

The process known as Flash Vapori- 
zation may be described as follows: A 
mixture of known composition of rela- 
tively volatile components is allowed 
to come to thermodynamic equilibrium 
at some given temperature and pres- 
sure by any path whatsoever. In gen- 
eral, a vapor and a liquid phase will 
be present at equilbrium. The problem 
is to determine the fractions of the 
mixture in the vapor and liquid phases, 
and to determine the mol fractions of 
the various components in each phase. 
The relations that exist between these 

Manuscript received at the office of the 
Petroleum Branch September 20, 1949. Paper 


presented at the Petroleum Branch meeting in 
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various quantities at equilibrium are 
well known and will be given later 
These equations are difficult to solve 
yielding only to trial-and-error methods 

The virtues of the analog computer 
are its speed and the automatic char 
acter of its calculations. The device is 


operated by turning a crank which 


varies the value of v, the total vapor 
fraction. This actuates a number of 
servomechanisms which perform auto 
matically all computations 

This computer facilitates the solu 
tion of such problems as (to mention 
a few): Analysis of separator opera 
tion, studies of changes in composition 
of reservoir fluids with pressure de 
cline, and analysis of natural gasoline 
plant operation. Examples of some of 


these problems are given in detail later 


STATEMENT OF THE 
PROBLEM 


rhe essential equations are 


(4) 


Mol fraction of m-th 
component in vapor phase 
I I Mol fraction of m-t! 


mponent in liquid phase 
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F,, /F = Mol fraction of m-th 
component in mixture. 

Yu Xm = Equilibrium constant 
for m-th component at the 
given temperature and _pres- 
sure, 

VF = Mol fraction of vapor 
in the mixture. 

Total mols of a mixture of n 
components. 

Total mols of vapor in the 
mixture. 

Total mols of liquid in the 
mixture. 

Total mols of m-th component. 
Mols of m-th component in 
liquid phase. 

Mols of m-th component 
vapor phase. 


\ssuming the total mols of the mix 
ture F and its composition (all the 
I ) to be 


known — either from a 


quantitative analysis or from the 
amounts put together to make the mix- 
ture —-the z,, = F,./F may be regarded 
as known quantities. From the given 
temperature and pressure of the mix- 
ture the K,, (principally 
from experimental data). The primary 


are known 


problem is then: having given all the 
y,. and K,, to calculate v and all the 
fractions x,, and y,,.. Having calculated 
these ratios, it is a simple matter to 
calculate V, L, 


fining equations. 


V... L.. from their de- 


SOLUTION OF THE 
PROBLEM 


Basic Computer Unit 

The computer consists of n_ units, 
each of which provides voltages xE, 
ind yE, proportional to x and y as in 
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Equations (1-4). Fig. 1 shows the basic 
computing unit with the connections 
made for the case where K<1. Fig. 2 


* 


FIG. 1— BASIC COMPUTER UNIT CIRCUIT 
FOR K<_1 AND MODERATE VALUES OF “v”’ 


shows the same basic computing unit 
with connections made for the case 
where K>1. Certain modifications of 
this basic circuit are made for special 
values of K and v which render the 
basic circuit of Fig. 1 and 2 insensi- 


tive. Description of these modifica 
tions will be omitted. Provision is made 
for adding the voltages x,.F., or y.E.. 
for varying each voltage and hence 
their sum, and by means of a ganged 
variation of v for balancing the sum 
=x,E, or Zy,,E, to equal the line volt 
age E,. When balance is attained by 
finding the correct value of v, cancella 
tion of E, yields Equation (3) or (4) 
The corresponding value of v which 
can be read from a dial is then the 


solution of (3) or (4) 


Computing Unit — 
Case Where K<1 


The basic unit for providing the 
(and E, = yE,) for 


is shown in Fig 


voltage Ek, xE 
the case where K< 1, 
1. Four potentiometers marked x, v, G 
K are connected as shown. The given 
fractions z and K are set by means of 
dials (calibrated to 0.1 per cent and 
which can be estimated by eye to 0.01 
per cent). The potentiometer v is set 
by hand (and ganged with the v poten 
tiometer of all other units so that the 
same value of the fraction v is simul 
taneously set on all units). The con 
tact on the G potentiometer is set auto 
matically by means of a servomotor 
This motor is driven by an AC ampli 
fier. The amplifier is actuated by the 
difference in voltages zE,, from the 
contact on the z potentiometer, and EF, 
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from the contact on the v potentiometer 
If E,<2E,, the motor moves the G con 
tact to a position of higher voltage and 
raises the potential E,. If E,>zE,, the 
motor moves the G contact to pick off 
a lower potential and reduces the FE, 
potential. In either case, the motor 
quickly positions the G contact so that 

E, zk (5 
an equation which we are now justified 
in using with the circuit equations 
below. 

The following circuit equations 
where R is the (large) resistance of 
the v potentiometer and r is the (small) 
resistance of the K potentiometer, are 
obvious: 

Ri 
(1—K)ri 


Kri, 


EF. 


FIG. 2— BASIC COMPUTER UNIT CIRCUIT 
FOR K >1 AND MODERATE VALUES OF “vy 


Eliminating i,, i,, i,, and E, from the 
Equations (5-10), and solving for B 
and A, we have 
zE [l + Ki] 
(1 + (K 


B 


zE, [K 
[1 + (K 


where 
r) 

This ratio of the resistance, r, of the 
potentiometer, K. to the resistance, R 
of the potentiometer, v, will be taken so 
small that the parts Ll) and (12 
Hence 
to a sufficient approximation B= Ff 


and A E 


containing p can be reglected 


where 
zk 
(K 
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KzE 
(K —l)v 


Computing Unit — 
Where K>1 

The basic unit for a K 
1, but the setting of 


1 is the same 
unit as for K« 
potentiometer, K is as shown in Fig. 2. 
and the connections to the potentiom 
eter, v are reversed. The servomechan 
ism sets potentiometer, G, as before so 
that Equation (5) is satisfied. The cir- 
cuit equations differ slightly from Equa- 
tions (6-10), but follow the pattern 
above and result in the same Equa 


tions (14) and (15) 


Computer Assembly 


The basic computing unit will be 
represented, for convenience, by the 
block shown in Fig. 3. The units are 
assembled as shown schematically in 
Fig. 4. Each output potential E,, or E,. 
is placed on one end of a high resist- 
ance R’. The other ends of these resist 
ances are connected to a common lead 
whose potential is E, and which is con- 
nected to one terminal of a galvanom 
eter M. The current, i,,, of the m-th 
unit through R‘ is given by x,,E,-E 

‘i,.. The currents. i,,. will add: 
hence, summing the last equation from 


| to n, we have 


(16) 


\ potential E,/n is placed on the other 


terminal of the galvanometer. The 


ganged contacts on the v potentiometers 
are adjusted by hand until the galvan 


ometer M reads zero. When this condi- 


r 
tion is attained —_ i 0 and the 





ee 


£ 











FIG. 3— BASIC COMPUT.NG UN.T 


last equation reduces to E, S x,,.=nk 


and cancelling the e 


But nE ies 
r 
equal factors, we have e x 1 and 
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the v, so obtained, is the required solu- 
tion of Equation (3).* 


e 














Py 


7 
be 








rm Eo 





FIG. 4— SCHEMATIC ASSEMBLY OF 
COMPUTER. 


If the resistances R’ be 
switched to the other output terminals 


adding 


yE, of the computing units, and if v 
be adjusted so that M reads zero, then 
solution of the 


v is the equation 


n 
> Ym = 1, namely, the solution of the 
m 1 


equivalent Equation (4). The two val- 


ues of v should agree. 

For conciseness, the complete wiring 
diagrams of this computer are omitted. 
For the same reason, we omit details 
concerning the sensitive units, the serv- 
omechanism details, the manual of op- 
eration, and design data. 

The computer is packaged for con- 
venience of operation and maintenance. 
The general arrangement is shown by 


the photographs (Figs. 5-7). 


APPLICATIONS AND 
EXAMPLES 
A few applications of this computer 
should be of interest. 


*The current, i drawn from the XmE 
termina! of Fig. 1 is drawn from the G poten- 
tiometer and does not disturb in any way the 
rest of the circuit. If the current, im, is drawn 
from the YmE» terminal, this current must 
pass through a portion of the K-potentiomete 
and consequently ic in Fig. 1 will be disturbed 
This effect is negligible, however, since the 
adding resistance R’ is very large (500,000 
ohms) compared with the 500 ohm K-poten- 
tiometer. This disturbing effect is further re- 
duced by the fact that the voltage at the oppo- 
site end of R’ is limited to Eo/n. This reduces 
the voltage drop across R’ and hence the cur- 
rent through it 

Similar considerations lead to the conclusion 
that this disturbing effect is also ne gible 
when the connections shown in Fig. 2 are 
used. 
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Determination of Optimum 
Separator Operating Conditions 


Just what is considered optimum may 
vary considerably. For instance, it may 
be desirable to obtain a maximum of 
stock tank liquid from a given crude; 
or, it may be desirable to maintain the 
gas composition uniform when a gas 
line is being fed from several sep- 
arators. Since the crude composition, 
the temperature and pressure of the 
stock tank, and separator temperature 
are beyond control there remains only 
the separator pressure which may be 
varied to yield the desired product out 
of the separator. A series of flash cal 
culations may, therefore, be made at dif- 
ferent pressures intermediate between 
reservoir pressure and stock tank pres- 
sure. A second calculation gives the 
stock tank liquid and vapor composi- 
tions. That operating pressure is then 
which satisfies the 


selected require 


ments of the problem in question. 


Evaluation of Reserves 


Evaluation of reserves involves a 


study of changes in composition of the 


reservoir fluids during the life of a 
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field. If the flash vaporization process 
is adopted as a simplifying assumption 
for small pressure increments, then 
this computer can be used as an aid in 
making such a study. Two general 
cases arise in this connection: (1) gas- 
condensate reservoirs, and (2) oil fields 
with gas-saturated crude. In either case, 
if the initial compositions of the phases 
present are known, and a reliable set 
of K constants is available, then the 
effect of pressure decline on compo- 
sion may be calculated and an evalua- 
tion of recoverable fluids made. That 
is, the amount of condensation of heavy 
components with pressure decline can 
be calculated in the first case, or the 
loss of solution gas with pressure de- 
cline can be calculated in the second 


case. 


Natural Gasoline 
Plani Calculations 


At every stage where the pressure 
and/or temperature of the product is 
changed in natural gasoline plant op- 
eration, and natural gas processing, the 
flash vaporization process is involved, 
at least as a simplifying assumption, 
if not in fact. In cases where complete 


FIG. 5— VAPOR LIQUID EQUILIBRIUM COMPUTER FRONT VIEW. 
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equilibrium between liquid and vapor 
conditions do differ 
the fundamental 


does not exist, 


from the ideal, but 


calculations must be made before the 


deviations can be determined. The com- 
puter may be used to make these fun- 


damental calculations. 


Estimation of K Values 


In the case of each of these applica- 
tions only the straight forward opera- 
tion of the computer is involved. How- 


ever, other interesting variations are 


possible. One in particular was em- 
ployed in this laboratory during the 
course of some PVT work. A quantity 
of reservoir fluid was equilibrated in a 
PVA cell. A portion of the vapor phase 
This 


ess was repeated at constant tempera- 


was bled off and analyzed proc- 
ture in a series of equal pressure steps. 
It was desirable to know the distribu- 
tion of the components in the vapor 
and liquid states at each of the pres- 
sure points involved. The known quan- 
tities were initial composition of sam- 
ple, weight per cent of total sample 
of vapor bled off, and composition of 


bled off. This 


vaporization 


the vapor 
differential 
if the 
flash vaporization calculations may be 


Such 


prose ess Is d 
process, but 


pressure increments are small, 


made as a first approximation 


calculations will yield the desired in- 


formation provided a reliable set of K- 


FIG. 6 
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constants is available. In this 
lar case, the values of the K-c« 
for the heaviest 
doubt, although the va 
lighter 


components 
lues 
components were lar 
Before the 


mation could be derived from t 


desire 


established. 


it was necessary, therefore 
establish the values of the K 
for the 


readily accomplished throug 


heaviest component 


of this computer. 


The initial composition 
ple was set up on the Z-dials 
values at the temperature an 
In question were set up on 
using an approximate value 
seventh component (C Phe 
was balanced to determine 
vapor fraction of C, noted 
pared with the experimental 
analysis ot 


tained from the 


N 

particu 
mmstants 
were n 


d 


first 


constants 


tion of the vapor phase bled of 
lu 


only an approximate value 
used, the computed 
differed 


By resetting the K 


vapor 
from the experimenta 
dial and 
ing the v-dial for balance 
found which would cause the 
fraction to equal 


This proce 


new pi 


C, vapor 
mental value. 
peated at each 
allowance for the we 
the sample bled off a 


way a satistactory 


COMPUTER WITH BACK PANEL REMOVED 
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obtained and the vapor-liquid distribu- 
tion of each component at each pres- 
The 


have been obtained by 


sure obtained. same results 


could 


try methods, 


was 
cut-and- 
but probably would not 


have been attempted because of the 


time required to make such tedious 


calculations. 


Examples 


\s an example of the more usual 
type of problem solved with this com- 
puter, the results of a typical run are 
shown in Table I, together with a com- 
parison between results obtained by the 
those ob- 
The 


required to make a complete calcula- 


trial-and-error method and 


tained with the computer. time 
tion, including determining v and read- 
ing all liquid x,, and vapor y,, fractions 


is about ten minutes. 


Error Studies 

An evaluation of the accuracy of this 
computer has been made using data 
of the that 
lables I and IL. The results are shown 
8 and Table III. Fig. 8 is a 
differ 


ences between computer and trial-and- 


same type as shown in 
in Fig 
frequency distribution curve of 
error values of liquid and vapor frac 
Table III lists factors 


characterizing the 


tions. certain 


frequency distribu- 
tion of errors for this computer. 


It will be 


from the 


standard 
OO15 


noted that the 


deviation mean is ¢ 
Accordingly, 68.3 per cent of the errors 
expected to fall in the range 
0015S. This 
cated on the frequene y curve in Fig. 8 


\ similar 


values of v 


may be 


0002 + range is indi 


comparison of the com 


with those obtained 


pute I 


by the trial-and-error method for 20 


indicates that the probable 


0.0020. 


t xamples 
erTrrof;# Is 
Percentage errors have not been used 
in these studies, since the magnitude of 
the errors appears to he more ofr less 


uniform throughout the scale ranges. 


his 


rrors at small scale readings and small 


would result in large percentage 


percentage errors at large scale read 


ings. It was felt. therefore. that per 


entage errors would not give a true 


measure of the accuracy to be expected 


4 this computer 


Second Approximation 


Tr} 


he value of v as computed by this 


nstrument may be considered a first 


ipproximation. The figures, just given, 
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on the accuracy will then be a measure 
of the closeness of this approximation. 
If greater accuracy is desired, the com- 
puter may also he used to give a sec- 
ond approximation. This is accom- 
plished by means of an interpolation 
formula and two additional readings on 
the instrument. This formula is 


in which 

vy, is a v-dial setting less than that 
required for balance (v,<v.) 
is a v-dial setting greater than 
that required for balance (v,>v.) 
is the galvanometer deflection in 
scale divisions corresponding to 
y 

>. is the galvanometer deflection in 
scale divisions corresponding to 
V 

* is a proportionality constant found 
to be 336.5 


« is the correction to be applied to 
vy, to give the second approximation, ¥. 
te the correct value of v, thus 

v=vyre, 

In the example given in Table I the 
quantities in the interpolation formula 
were found to be 
vy, = .480 G, = +2 v, = .4837 
v, = .490 G 3 F = 336.5 
p 001755 

.O1 x 001755 
336.5 


336.5 x 1.755 x 10 


» 
12x 10° + .0012 
+ = .4837 + .0012 = .4849 
This value compares favorably with 


the trial-and-error value of .4850. 


Eight similar examples were calcu- 
lated as outlined above and gave re- 
sults with an average probable error of 
0.0002. 


The additional time required to make 
the second approximation is largely 
that required to calculate 8, which is a 
straight-forward operation, and the 
time required depends on one’s skill 
with a desk calculator. The time re- 
quired to make the two pairs of read- 
ings of V,. G, and V., G, is negligible. 
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SINGLE COMPUTING UNIT 


Table | 
Sample Problem with Comparison of Results 


Computer lrial-and-Error 
Component Values Values 
Number ; kK x ' x Vir Ate 

2085 173.0 0040 4285 0025 277 «=+.0015 

1185 21.0 0123 2328 O11] .2327 +.0012 

1069 5.35 0350 1834 0344 1840 =+.0006 

0776 1.67 0585 0970 0586 0979 0001 

0590 0.46 0800 0372 0799 0368 +.0001 

0.162 0805 0142 0817 0132 0012 

0.0105 7300 0090 7318 0077 0018 


Differences 
AYm 
+ 0008 
+ 0001 
.0006 
0009 
+ .0004 
+ 0010 
+0013 


1.0003 1.0000 1.0000 

0.4837 v (Trial-and-error value) 0.4850 

In this case one of the K's is large (247) and 
for the use of one of the sensitive units 


Totals 1.0000 1.0031 
v (Computer value) 
Table Il shows another example 
the v is small (0.0060). a case which calls 


not described in this paper 
Table I 


Sample Problem Using One of the Sensitive Units 


lrial-and-Error 
Values 


Computer 
Value Differences 
QY « 
+ 0004 
+ .0031 
~.0040 
~.0022 
~.0003 
+.0007 
+ O12 


Compone nt 
Number , 1 x , x v. 

( 0025 247 0013 2474 0010 .2470 
Olll 3 .0096 2840 0095 2809 

0344 vB 0332 2460 0331 2500 

0586 é 0575 1372 058) 1394 

0799 0797 0525 0800 0528 

0817 2 0815 0196 0821 0189 

7318 , .7355 0122 .7362 110 


AXn 
+ 0003 
+ 0001 
+.0001 
~.0006 
-.0003 
~.0006 
~.0007 


1.0000 1.0000 
( Trial-and-error 


lotals 0000 9983 9997 


vy (Computer value 0054 \ value) 0060 
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Fable Il 


Factors Characterizing the Fre- 


quency Distribution Curve of 


Errors 


Arithmetic Mean Error (X) > 0002 
Quadratic Mean Error 
(RMS) © OO15 
Median Value + 0004 
Mode » 0005 
Standard Deviation (¢} from 
the Mean (X) * OO15 
(Approximately the RMS) 


Use of the Sensitive Units 
Special values of K and V_ which 
render the basic circuit insensitive are: 
(a) K-O and V-+] 
(bi K very large (1/K +0) and 
V0 


Condition (a) exists when one or more 
components are relatively involatile 
but are present only in small quanti 
ties. In such a case the denominators 
in Equations (14) and (15) approach 
zero and the units become insensitive. 
This occurs for values of K OL and 
of \ 99 

Condition (b) exists when one or more 
components are very volatile but are 
present in only small quantities. This 
is the case for the second example 


given. Because of the difference in con 


EQUILIBRIUM EQUATION 


FIG. 8 


nections shown in Figs. | and 2 the 
relative positions of the K and \ po 
tentiometers are the same as for con 
dition (a) and the sensitive unit must 
be used. This occurs for values of 
K 100 and of \ 01 


CONCLUSION 


An electronic analog computer has 


heen described which provides a solu 
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FREQUENCY DISTRIBUTION CURVE OF ERRORS IN X 


AN ELECTRONIC ANALOG COMPUTER FOR SOLVING THE FLASH VAPORIZATION 


GROUP INTERVAL = OOOS 


@ NUMBER OF ERRORS PLOTTED 
AT MID POINT OF INTERVAL 





AND Y 


tion to the vaper-liquid equilibrium 
problem. The computed value of v has 
4 probable error of 0.0020 in the first 
approximation and 0.0002 in the se« 
ond approximation. The operation is 
simple and rapid. In thus speeding up 
the solution, the way is opened for the 
application of the method to problems 
which would not otherwise be under 
taken because of the amount of time 


required to obtain a solution zak 
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THE FORCE EXERTED BY SURFACE WAVES ON PILES 


J. R. MORISON, M. P. O'BRIEN, J. W. JOHNSON AND 5S. A. SCHAAF, UNIVERSITY OF CALIFORNIA, BERKELEY, 
CALIFORNIA 


THE FORCE EXERTED BY SURFACE 
WAVES ON PILES 


The force exerted by unbroken surface waves on a cylin 
drical object, such as a pile, which extends from the bottom 
upward above the wave crest, is made up of two components, 
namely : 


1. A drag force proportional to the square of the velocity 
which may be represented by a drag coefficient having 
substantially 


the same value as for steady flow, and 


\ virtual mass force proportional to the horizontal com 
ponent of the accelerative force exerted on the mass of 
water displaced by the pile. 


These relationships follow directly from wave theory and 
have been confirmed by measurements in the Fluid Mechanics 


Laboratory of the University of California. Berkeley 


The maximum force exerted by breakers or incipient break 
ers is impulsive in nature, reaching a value much greater 
than that produced by unbroken waves but enduring for only 
a short time interval. This impulsive force represents the 
ultimate development of the accelerative force and is pro 
duced by the steep wave front and large horizontal accelera 
tion at the front of a breaker. This impulsive force greatly 
exceeds the drag force computed from the particle velocities 
of the breaker. 


The reader is cautioned that these preliminary results are 
applicable only to single piles without bracing and are likely 
to be modified somewhat where multiple piles are driven, one 
within the influence of the other or where multiple piles are 
connected by submerged bracing. This paper is essentially 
a preliminary report submitted at this time because of the 
current importance of wave forces in the design of offshore 
An extended series of additional 


structures. experiments ts 


planned for the near future. 


Theoretical Relationships 


For the sake of simplicity of treatment, the theory will be 
developed from the equations for waves of small amplitude 
The horizontal displacement of a water particle is described 
by the equation 


an 


cosh (d + z) 


; 2*D 
sinh 


Manuscript rece 
1940 


ived at the office of the Petroleum Branch Octol 
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The horizontal component of the orbital velocity is obtained 
by differentiation with respect to time as 
2e 
cosh (d +z) 


rH l 2rt 


I 2rd 
sinh 


The acceleration of the water particles at any position is 


obtained by again differentiating with respect to time as 


» 
r 


cosh = id + 2) 


_ 2wt 
sin -— 
2nd I 
sinh 


where 
H wave height ft 
I wave length — ft 
d still water depth — ft 
z depth below the still water measured negatively down 
ward — ft 
I wave period 


I time ser 


The force exerted on a differential section, dz, in length is 


rD eu ed 
dk Cy p = ¢, u 3 4 ee 
1 t 2 


where 
D pile diameter ft 


p water mass density 


slugs, ft 
Cy coefhcient of mass 


( coefhcient of drag 


Substituting for 0u/ét and u’ from Eqs. (3) and (2), 


force per unit length at any position z is 


r pDH 


fy sin => f, cos’ @ 


cosh 


sinh cos’ @ for 


— 


The sin @ term (inertia) is negative for 0 << @< © and 


9 


2m. Values of A and A® appear in Fig. 1 


positive for * @ 
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as functions of z/d and d/L, Values of fu/Cu appear in Fig 
2? as a function of D/H. Values of dL corresponding to value 
of d and L, have been tabulated.” 


The preceding equations permit several important conclu 
sions as to the distribution and variation of the force exerted 
namedly, 


1. The drag force decreases with distance below the sur 


face more rapidly than does the inertia force 


. The maximum force at any position (z/d) develop- 
before the crest passes and the angle (or time) of 


advance increases with the ratio fy/ fp». 


Che maximum forces applied at different values of z/ d 
de net occur simultaneously and the angle of advance 
of the maximum forces, measured forward from the crest 


increases from the surface to the bottom 


[he relative importance of the inertia force increase 
with the ratio of pile diameter to wave height. The lim 
iting effect occurs when the diameter is so great as com 
pared with the wave lengt that the structure begins t 
wt as a section of a wall: the maximum torce then o 
eurs when the run-up of water on the structure reache 


its maximum elevation 


Lhe angle 


" proma t it naxtiinum force ma Ine 
obtained analytically trom ’ by 


differentiating wit! 


ind e yuatin 


z d 
FIG. 1 — — VERSUS A AND A’ FOR VARIOUS — 
d t 


Since the angle @ ts im the 


the wave, we have 


( dl ) r pDH 
dz max 4 








which is the maximum torce at a parte ular depth Zz 
The moment exerted by the wave force about the bett 


the pile Is 
dM 


M 


D 
VERSUS A FOR VARIOUS 
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_-® DK; Cy 
~ 8HK.C, 


Values of K, and K. appear in Fig. 3. 


The development of these force and moment relationships 
small 


was based on the sinusoidal wave theory for waves of 


amplitude. 


Theory and experiment show that the surface profile 


wave of finite amplitude departs from a sinusoidal form 

















i 
0" 
ey 


FIG. 3—K, AND K, VERSUS 
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FIG. 4— SAMPLE OSCILLOGRAPH RECORD 
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is, in fact, very nearly 


trochoidal. The orbit velocities age 
also unsymmetrical, the forward velocity at the crest exceed- 
ing the backward velocity in the trough by approximately 
10 per cent in a deep-water wave having a steepness ratio 
H/L) of 0.02 and approximately 25 per cent for a steep- 
ratio of 0.10. Analysis of the data in this report has 


ness 


been based sinusoidal variation in velocity and, 
effect, the asymmetrical velocity variation is represented 
the empirical coefficient. An extended series of experiments 
members, and flat 


under different exposures to wave action is planned. Measure 


upon a 


on piles, caissons, structural surfaces 
ment of orbital velocities in waves of varying H/L and d/I 
are in progress. When these experimental programs are com- 
pleted, the analyzed on the basis of the asym- 
in waves of finite 


The current importance of wave force in the design 


data will be 


metrical variation of velocity with time 
amplitude 
of offshore it desirable that the results to 
The force coefficients C, and Cy 


are regarded as sufficiently accurate 


structures makes 


date be made available now. 
reported here for design 
purposes, provided that they are re-inserted in the equations 
from which they hav (4) and (6). 


e been derived, namely, eqs. 


Laboratory Investigations 


The laboratory basis 


ol Eq (6) 


measurements were planned on the 
rhe model pile was hinged at the bottom and the 
was measured at a known moment 
(Fig. 9). The wave profile at the pile 


were 


necessary restraining force 


irm above the hinge 


and the wave force recorded simultaneously on the same 


} 


oscillograph record. The wave velocity just ahead of the pile 


was obtained by means of a second wave profile on the same 
record. Time was measured by a 60-cycle frequency traced by 
Thus, all the 
the same record, with the exception of the still-water depth 
sured directly 
iva lable 


not be 


the oscillograph data for analysis appeared on 


Details of the experimental 


juipment in reports of the Fluid Mechanics 


Laborator ' ill presented here. Fig. 4 is a sample 


of the records obtained for each wave condition. 


\nalysi 


components of the 


of the data took advantage of the fact that the two 


total force are out of phase. Writing a 


coefhcient as 
M1 m D 


Cu K, sin @* C,K, cos’ @ . (7) 
DH I 1 H 


limensionless moment 


solved for Cy and C, 


sin @ are zero, respectively. 


equation 0 be by measuring the 


When the 
6=0 and sin @= 0, and the value of 


e when 
st passes 
C,.. When the instantane 
still level. the 


the corresponding value of M may be 


he solved for 


vation is at the water 


to be noted that the actual wave profile, 


trochoidal, has been used and that the 


has been assumed to oceur when the 


the still water level. The acceleration at 


been taken as the theoretical value from 


tant requirement is that the determination 


m the measured moment at the instant of 


the values of Cy and C, at the instants 


nd zero acceleration, these values were then 


ompute the remainder of the moment curve 
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measured for each run, The agreement between the measured 
and computed moment curve was good over the entire wave 
length and this result confirms the analysis. Fig. 5 shows the 
wave profile as measured and the imeasured and computed 


moments 


showed some scat 
Reynolds 


number, The average values obtained for runs with the pile 


The experimental values of Cy and C 


tering but no trend as a function of d/L., H/L or 


on a horizontal bottom and without impulsive forces, were 


Cu 508 >= 0.197 
Cc 1.626 = O.AL4 


The Reynolds number, corresponding to the maximum sur 
face orbital velocity, ranged from 0.22 x 10° to 1.11 x 10°. The 
Reynolds number decreased from these maximum values both 
downward along the pile and with time. The drag coefficient 
with Reynolds number but also 
Values of C,, for 
evlinders in a steady stream of air or water within this range 


from 0.65 to 1.20 


of a cylinder varies not only 


with the turbulence of the incident stream 


of Reynolds numbers vary 


08 12 
he ot 
aa 
o. WAVE PROFILE 


b TOTAL MOMENT 


17-49,RUN| WAVE 20 


H/L =0.0199 
d/H=8.32 


6- 
T @- MEASURED 
L 

H d/L = 0.166 

4 

0 

go 


THEORE TICAL 
MEASURED 


Cp* 1.32 WAVE PROFILE 
Cys 1.20 
194S8'YeT Re = 485x103 


COMPARISON OF THEORETICAL AND MEASURED TOTAL 
MOMENT AND WAVE PROFILE 
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The virtua _ 


veficient of a cylindet ageelerated pet 
pendicular to its axis has been measured in a number of ways 
The principle involved in the idea of a virtual mass is that 


the flow field around a cylinder contains kinetic energy in 


umount proportional to the square of the velocity of the cylin 
det and if 
} 


that work lve lone 


kinetic 


nerease in the velocity of the cylinder requires 


through the application of a force to 


increase this energy. Thus the cylinder appears to 


have a mass greater than its true mass. Measurements of the 
cylinders gives values between 0.5 and 1.0 to 
added 


lisplaced by the pile. for 


virtual mass of 


which must be unity. representing the mass of water 


comparison with the results of these 


experiments 


Surface prohles followed closely the trochoidal form corre 


sponding to the ratio of the horizontal to vertical axis of the 


wave orbits which in turn depends upen the ratio d/L. In 


inalyzing the data. the velocity and acceleration were as- 


sumed to follow Eas 2?) and (3 








Wave #5 6- 


OF WAVE IMPACT 


BREAKER SLIGHTLY AFTER PILE 
iT HITS PILE 


WAVE PEAKED UP AS 


WAVE BREAKING ON PILING 
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The variation in the moment arm between trough and crest 
was not considered in the integration to obtain M and has 
been neglected in the analysis. The effect is generally small 
for unbroken waves. Refinement of the analysis to consider 
this variation seems justified only in the case of breaking 
waves. where the percentage variation in moment arm would 
be large. The additional experiments contemplated will 
include measurement of the moment at three positions : 
the pile and the analysis of these data will include the 
of variation in the lever arm. 


Fig. 6 show the record obtained for selected runs in which 
impact forces occurred. The trace of the force measurement 
shows that the instrument oscillated after impact and the 
values are not regarded as quantitatively reliable but it is 
evident that the maximum force produced by a breaker or 


F (8S PER FT) 
MAXIMUM FORCE DISTRIBUTION 





F(L8S PER Fr ) 


R TOTAL FORCE. VERSUS WAVE POSITION 
FIG. 7 — EXAMPLE 1. FORCE RELATIONSHIPS 


A — MAXIMUM FORCE DISTRIBUTION 
B — TOTAL FORCE VERSUS WAVE POSITION 


incipient breaker greatly exceeds the 
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force cor responding 


to the orbital velocity, which under breaking conditions, is 


the wave ‘velocity. The impact force is of short duration and 


its impulse may not be great. In future work, the force meas 


uring system will be revised in order to follow these impulsive 


forces and relate them to the wave vel 


breaker 


1) 


4 


ocity and height of 





“02 


“O04 


“O06 


“0.8 





“10 A 1 | 4 
° 20 WwW 40 8O 
F(L8S PER 


a 








MAXIMUM FORCE DISTRIBUTION 


rt 
se 
43 ud 








PER FT) 


F (LBS 











b TOTAL FORCE VERSUS WAVE POSITION 


FIG. 8 EXAMPLE 2. FORCE RELATIONSHIP 
A — MAXIMUM FORCE DISTRIBUTION 


B — TOTAL FORCE VERSUS WAVE POSITION 
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Ranges of Variables nee 


The range of wave charactersmtu water depths, and other TO AMPLIFIER ) : 18 SPRING 
variables used in the experiunent were as tollows: POWER SUPPLY 
D AND REC “—— PILE 
= 0.212 to 0.758 aa 
H 


D 


ll 
d 
1.81 to 18,15 
H oietien om 50 F}——TORSION BALANCE CONNECTION 
¢ ~ 0.10210 0.529 PICK - UP —* S4Pal 
, pie] SPRING 
H 


0.0090 to 0.1135 —+— WAVE DIRECTION 


I 
Re = 0.22 x 10°to L.IDx 10° 4 





0.0090 to 0.0419 


0.0411 to 0.0833 


j 


The experiments were performed in a constant de 


nel. The above ratios were obtained from the records of 17 


waves and one pile diameter. The range of variables will be 


extended in the contemplated program by testing mode! pile 
having three different diameters in the ratio 1:2:4 
Examples of Wave Forces 

As an aid in applying these results to piles, the followin 
simple examples have been developed 


Example 1 








-— BEO 


4 





A pile 2 ft in diameter is driven in 50 ft of water at a point j = r 
at which the maximum wave is forecast as H 20 ft. I Paige ic 
sec. From Fig. 2, fu/Cy = 0.35 at surface. Using ¢ Le 


1.705 and C, 2.040, chosen on the high side of the 9 — SCHEMATIC OF EXPERIMENTAL EQUIPMENT 


expressed as l ( bed bed bred bri 
l ) ; sinh cosh 
dF (3.14)°. 2.2. 400 2 | I L I 


(—~tysin@* t, cos @ 0.0852 


average values for safety, the force per unit of lengt! 


dz 2 x 49 
Fig. 7(a) shows the variation of the maximum velocity force 
and the maximum inertia force as a function of distance 


below the surface. These two forces are out of phase and 


BH K. ¢ 


their maxima do not occur simultaneously. Fig. 7(b) shows 0.9878 
the variation in total force with time at the surface, mid 
depth, and bottom. The arrow indicates the phase positio e values in equation (6) yield 


, 
of the maximum total moment given by Eq. (6), that _ 293.000 ft-lbs 


epDH'!l ( De Bos Bi (lead angle) 


M ( K. Sin @ > ¢ K. Cos >) 
I H4 


where ft in diameter is driven in 50 ft of water where 
p 2.0 slugs it (salt water) mum forecast wave is H 10 ft, 7 15 sev 
D 20 ft f 1.67 at surface 
H = 20.0 ft I 3.14)°.2.2.100 
7.0 sec 7) : » 995 
90.0 ft 
0.1995 


f,, Sin ¢* f,, Cos* @) 


1) and 8(b) 
77.600 ft-Ibs 


’ 


225i" (*See footnote page 150) 8 


1.705 Model study values: further experiments 

2.040 ire required to completely evaluate the ACKNOWLEDGMENT 
range to these terms. The work described has been conducted under a contract 
rd Qed 2nd * with the Bureau of Ships and the Office of Naval Research. 
sinh cosh — Kenneth Kaplan has participated in the analysis of the re- 
Its. The authors are grateful to the late Harry Epstein of the 
? Sinh a su f Yards and Docks for his critical review of this 
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OIL AND GAS 
DEVELOPMENT AND PRODUCTION 


Covering 1949 


Beginning with this iss\ he annual St ‘ vrlume of the Petroleun 


Branch, AIME will be published monthly i , 19 in the JOURNAL OF 
PETROLELM TECHNOLOGY. As far a t possal to do so, t reports will be 


published with states ar nits, in the 


general order in which the are ver , rar The primary 


exception to this procedure w which will be 


pub lished by districts throu, remainde ft t ‘ t the end of 


the 


year, bound copies of al] © those members 


who ordered copies when pa 


This method of publicat ti volume as 


being utilized for three zing the offset 


(2) j isk he t kiy, and (3) to 
distribute the materia 


printing process; 
thi nethod of 


publication will serve ¢t etrol rancl re tively than the 


previous method. 
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Branch 





FOOTNOTES TO COLUMN HE 


TABLE 


THESE FOOTNOTES WILL NOT BE PUBLISHED EVERY MONTH 





SAVE THIS COPY 


2 All fields to be listed alphabetically, and if by 
counties, the latter also in alphabetical order. 


Lise as many numbered lines as necessary to list in 
order of increasing depth each reservoir productive of 
oil, gas or condensate. In multi-reservoir fields the 
(upper) line on which the field name is placed should 
reflect, in certain columns, the totals of the separate 
reservoirs listed below it. Show name of producing forma- 
tion, and show its age by abbreviation as follows: Cam, 
Cambrian; Ord, Ordovician; Sil, Silurian; Dev, Devonian; 
Mis, Mississippian; Mis L, Lower Mississippian; Mis U, 
Upper Mississippian; Pen, Pennsylvanian; Per, Permian; 
Cre L, Lower Cretaceous; 


Eocene; Olig, Oligocene; 


Ira, Triassic; Jur, Jurassic 
Cre U, Upper Cretaceous; Eoc, 
Mio, Miocene; Pli, Pliocene 

Volume of gas produced from the field and not returned 
to the reservoir. Indicate measurement pressure base in 
special footnote. 

Only gas production shown in the gas production 
column of this table, and only o11 shown in the oil pro- 
duction column of this table, should be considered in 
calculating entries for this column, i.e., entries should 


correspond with gas production for the year divided by 


oil production for the year. 
¢ Include all original ompletions, but exclude work 
overs or wells deepened or plugged back. Abandoned refers 
only to wells abandoned after having produced oil, gas or 
ondensate and is not to include wells abandoned without 
having secured production 


A well producing both oil and gas 1s classified as an 
yl well, unless it has been designated as a gas well by 
the State regulatory agency. Gas wells are wells producing 
gas only or condensate and wells producing gas with some 
oil but l ified as gas wells by the State regulatory 
agen 


Show ty nm as indicated by the following 


ymbols enance; G, gas injection; W 


water in 


h Show weighted average gravity A.P.I. as oil is deliv- 
ered to the pipe lines and percentage of sulphur, if any, 
in the oil. Where oils from more than one reservoir are 
ommingled and delivered into the pipe line at a gravity 


) ‘ oO 
of 26 to 26.9, show as 26”, etc. 


Show character of formation by code letter as follows 
A, anhydrite; C, chalk; Cg, conglomerate; Ch, chert; Ch, 
ap rock; D, dolomite; Da, arkosic dolomte; Gw, granite 
wash; Sh, shale; L, limestone; LS, limestone, sandy; QL, 
oolitic limestone; S, sandstone. 

Figures represent ratio of pore space to total volume 
of net reservoir rock expressed in per cent P indicates 
reservoir rock 1s of porous type, but ratio is not known 
by the author , indicates that the reservoir rock is of 
cavernous type; and F, fissure type. 

Show actual depth to top of producing zone or reser- 
voir. If producing zone is a series of interbedded sands 
and shales, and the sands are all productive or capable 


»f producing, show the depth to top of top sand member. 


Show actual average thickness that 1s producing or 
known to be productive. If, for example, average thick- 
ness of productive zone above water level is 50 feet, show 


50 feet, even though wells are comp leted in only upper 10 


wr 15 feet of zone. 


linal; AF, anticlinal with faulting as impor- 

Af, anticlinal wath faulting asminor factor; 
lation due to both anticlinal and monoclinal 

D, dome; DS, salt dome; H, strata are horizon- 
nearly horizontal; MC, monocline with accumulation 
hange in character of stratum; MF, monocline- 
MI, monocline with accumulation against igneous 
monocline-lense; MU, monocline-unconformity; 

with accumulation due to sealing at outcroy 


N, nose; S, syncline; SL, shoreline; T, 


terrace with faulting as important factor. 
f deepest stratigraphic zone tested and 
that tested such zone, whether it 1s 

not. 


ermin 





Oil And Gas Developments In Indiana 
During 1949 


GY B®. £. ESAREY*, 


The total oil production in Indiana for 1949 wa 
proximately 9,734,000 barrels, an increase of 24 per 


we ¢ 


over the production of last year. The bulk of 
continues to come from Mississippian rocks, with Penn 
sylvanian and Devonian beds ranking in order. Hecent new 
production in Sullivan and Vigo counties has raised the 
total amount of Devonian oil. In addition, a smal! amount 
of oil is still produced from the old Trenton fields of 
northeastern Indiana. 


Discoveries of all types during the year reached a 
total of 66, of which 27 were new fields, 15 were exten- 
sions of old fields, and 24 were new producing zones. 
The total initial production of new oil was about 44,000 
barrels daily, based upon reported figures for discovery 
wells. Approximately 26,000 M cubic feet of gas, daily 
open flow, was discovered during the year. The footage 
drilled during the year was 2,352,900 feet, a substan- 
tial increase over last year. Completed wells reached a 
new high figure of 1,288. A breakdown of this figure 
shows 494 field oil wells, 358 field dry holes, 27 
cat discovery wells, 24 discovery wells of new pay zones, 
15 extensions to old fields, and 369 wildcat dry holes. 


wild- 


Some of the important new fields are as follows 
Blackhawk and South Terre Haute, both in Vigo 
producing from the Devonian and Lower Mississippian; the 
Plainville field in Deviess County producing from the Aux 
Vases, McClosky and Salem formation of Mississippian age; 
the Dead River field in Posey County which has 8 wells 
producing from 4 different Chester Sands of Upper Mis- 
Sissippian age; the Ft. Branch field in Gibson County 
which had 3 wells completed by the end of the year in the 
Benoist Sand; and the Lake of the Woods Gas field in 
Marshall County, a Devonian producer in northern Indiana. 


County 


The Spencer field in Posey County was opened in late 
1948 and has averaged 1,690 barrels per well per day fram 
20 wells. Accummlated production to January 1, 1950 was 


AND B. E. 


BROOKS** 


about 450,000, The 


initially. 


largest producer was reported at 2,223 
barreis, 


The Marts field in Sullivan County, opened about the 
first of the year, produced over 500,000 barrels during 
1949. Many wells made over 1,000 barrels perday initially 


and all oil comes from Devonian pay zones. 


The Rochester field in Gibson County maintained its 
production above 500,000 barrels of oil for the second 
straight year, due in part to good Pennsylvanian pro- 


‘ 


juction found at shallow depths. The principal sand is 


the Waltersburg of Mississippian age. 


The Vaughn field in Posey County had two wells pro- 
ducing prior to 1949. During this year 31 additional wells 
were drilled which produced 80,902 barrels before January 
l. This 2,000 barrels of the total 


production from the field. 


represents all but 


The marginal counties in the basin are being thor- 
oughly prospected for production in the Ste. Genevieve, 
Salem, Devonian and Trenton formations. Good production 
occurs in reservoirs overlying Silurian reef structures 
in Sullivan, Vige, Daviess and Green Counties. A deter- 
reef 


mined effort is being made to find additional 


structures inthese and surrounding counties in the north- 
eastern portion of the Basin. Much seismograph and 


gravimeter work is being dme, but surface geology and 
shallow core drilling are used where possible. Many old 
fields which produced from shallow sands will be tested 
to the deeper pays, especially the Salem, Devonian and 
Irenton. A widespread leasing campaign has resulted from 


this exploratory work. 


Many areas situated well up on the western flank of 
the Cancinnati Arch are 


of the old Trenton field 


receiving attention, aS are parts 

The Lake of the Woods Gas field 
in Marshall County opens a newarea for exploration in the 
south part of the Vachigan Basin. More than 15 counties in 


northern Indiana are underlain by shallow Devonian and 


Silurian beds, with the Trenton pay only a little deeper. 
already developing in this area. the vear of 


probably see the greatest and most widespread 


Activity as 
1950 wall 
deve lopment program ever under 


expioration, leasing, and 


taken on Indiana. 








TABLE | - 





——7-- —_ -+ 
NUMBER © WELLS PRODUCING 
WELLS* DEC. {949 


ABANDONEL 


Mis | 
Devonian 
Mis | 





» Mis 
row s | 
Mux Vases, Mas | 
yivanian, Per 
, Mas 
Mis | 
» Ms | 
» Mas | 
vanian, ber 
re Mis | 
Mux Vases, Vas | 
Pennsylvanian, Per 
meone, Mais | 
Palestine, Vas | 


Halts, Mis | 


lar Sprangs, Mas 
ypre Mis | 
ess, Vb 

en. , Mo 


| lvanian, 
Wa Mas | 

fards, “b 

Aux Vases, Vb 
Vt sky, Vas 

alest “bs 

VeLlosky, Mas 
VWiLliosky, Vas | 
Waits, Va { 

he Mis | 

t 


l 





TABLE | 





WELLS PRODUCING’ 
DEC. 1949 


C 
l 


MPLETE 
ABANDONEL 
INITIA 


( 


Irent 
Levonia 
Irentor 
lrenta 


Levon 








OL ANE 





TABLE | 


> SEEeeneaaie 


DEEPEST 








ts 4 vo 
OF | WELLS PRODUCING’! Spess 
© | Dec. 1949 us ro en 
+, : 4 ‘ 


01 


L 





ABANDONED 
INITIAL 














TABLE | 





iad . ™ init 
o NUMBER OF | WELLS PRODUCING’ 
WELLS* | DEc. i949 
tht igen 


| 19uQ | 0 
| 
— ot an 
| 
| 


~ 


LINE NUMBER 
ABANDONED 
NITIAL 





Mis | 
Sa lurian 


Devonian 
| Devona an 


| Salurian 
| Mis | 
Mis | 





R22 , 
a 


: 


Lo oe 


x 


> x 


Mis | 
Mis | 


| 

| 

| Devonian 
Levonian 


iu 


Levonian 
Devonian 
Trenton 

Devonian 











TABLE | - 


T ai 
NUMBER OF | WELLS PRODUCING | 


WELLS® | DEC. 1949 


> rt 
] | 


9u9 Ci Oit | 








1SU9S 


To ENC 
LIFT 


i 


MPLETE 
COMPLETED 
ABANDONEC 
ARTIFICIAL 


Cc 


Devonan 


6 f Mis | 
130/130, 4304 Pre Cambrian 


Clark 
(rawtord 
Deviess 
Elkhart 
Fount ain 
Franklin 


(La bsan 
Cabsan 
‘a bsan 
(abson 
Cabsan 
(Ca bran 
(abson 
Cabsor 
Cabsan 
Cabsar 
Cabsan 
(absar 
Cabsan 


Ca bsan 


Cabson 
Cabsan 
(greene 
Greene 
Greene 
Haro | tan 
Hunt ingtan 


TABLE 2 - SUMMARY 


Devon. ar 
Mississippiar 
Pennsy |v ana ar 
4. Mississippi ar 
Pennsylvania ar 
Ordovician 


Pennsy! van. ar 
Pennsy! van. ar 
Pennsy | vana ar 
Pennsy | vana ar 
Pennsylvania 
Pennsy | vana ar 
Pennsy | vana an 
Pennsy! vanian 
Pennsy | vans ar 
Pennsy ivan. ar 
Pennsy! van. ar 
Pennsy | van ar 
Pennsy | van. ar 
Pennsy | vena a 


Pennsy | van. ar 
Penney | van. ar 


g3 


U.Mississipp: @ 
Pennsy | van. ar 
Pennsy ivan. ar 
Devonian 

“a lurian 


wa 
nu 


NNN = 


#5 





> > 
>> 


Field 
Field 


sft 


Field 


Be 


Onl Field 
Onl Field 
Onl Field 
Onl Field 


f 


Onl Pay 
nil Pay 
Onl Pay 
Field-Ext 
Field-Ext 
Field-Ext 
| Field-Ext 
Field-Ext 
Field-Ext 


Field-Ext 


ffr¢TT 


2 


Field-Ext 
Onl Freld-Ext 


RA 
New Ch! Field 
Onl Freid-Fxt 











SUMMARY OF DRILL 


Pennsy O' Mare 
Pennsy lv Ste. er 
Pennsylvanian St. Lows 
Pennsylvanian MeL_losky 
Pennsylvanian MeClosky 
Penney | vans an MeClosky 
Levonian lrentor 
Urvonian s. Pete 
L.Mississappian Devonia 
Mississippian lrentor 
VMissassippian | Levonsa 
Pennsy | vanian [rento# 
Pennsy | van a Levon: ar 
Pennsylvanian Met 
Penney! vanian Herdinsburs 


Vennsy | vani ar Tar Sprum 


Penney |v ani ar MeLlosky 


c 


Pennsy | vaniar MeL losky 
Pennsylvanian ben 


Penney | vanian Hardinsburg 


eer 


Pennsylvanian Jacksor 


Pemmsy|lvanian Cypres 


Pennsylvania Henoist 
Pennsylvanian ypre 
Pennsy lv ani ar Waltersburp 
Penney | van. ar Wal tersburg 
Pennsy | van. ar Wal tersiurs 
Pennsylvania Wal terstar 
Penney | vans ar Waltersture 
Pennsylvanian r Spr 
Penney | van) a 

Pennsy i vanian 

Pennsylvania ar 


Penney | van ar 


ia 
i™~ 
il 
” 
- 
“ 
* 
» 
¥ 
F 
t 
“ 
a) 
” 
” 
, ry 
i) 
LW 
a) 
Ww 
a] 
a) 
” 
‘ 
ct) 
ie 
ca 
‘ 
J 
“ 
‘J 
™” 
“ 
’ 
a 


vans ar 


Yana 
Penney | vanaar 
‘emnsy | vani ar 
Pennsy | van as 
Pennsylvanian 
Pers y i vaniar 
Perey |v aia 
Pennsylvania 
Pennsy i vaniar Lower 
Penns y | van ar Met losky 
sy lvaniar Waltersburg 
Penney | van. ar Vet loaky 
Pennsylvanian lrentar 
vue Levonia 


nsylvaniar Devan ar 


eee eaeetee teste teee 


Penney! vani ar la 
iiurie 
Pennsylvania 


MV. Mississijppiar 











Oil And Gas Developments 
In The Upper Gulf Coast During 1949 


BY PAUL B. LEAVENWORTH,* MEMBER AIME, 


AND 


SIDNEY A. PARKANS, JR.,** MEMBER AIME 


PRODUCTION 
in allowables during 1949 reduced crude 


in 1948. 


in 1949 amounted to 


A drastic cut 
oil production from the record high set Produc 
tion of crude oil and condensate 
147,799,338 barrels. 


amounted to 7,160,510 barrels of liquid hydrocarbons. Gas 


Products from recycling plants 


production for the year was approximately 669,792,000 MCF. 
DRILLING AND DEVELOPMENT 


Although allowables were decreased the search for oi! 


continued at a record rate. There were 1306 wells of all 


classes drilled during the year. Of these 992 were drilled 
in proven fields with 692 being oil wells, 55 being gas 


There were 314 wildcat or outpost 


wells and 245 being dry. 
wells drilled during the year. Of these 78 were oi! wells 
and 17 were gas wells. 


Of the producing wildcats 29 resulted in discovery 


wells of new fields; 12 were oil fields; 13 were gas and 


condensate fields; and 3 were gas fields. Development was 
predominately from the Frio although deeper drilling 
developed new Wilcox prospects. There were 10 Frio fields 
2 Jackson, 7 Yegua 


discovered during 1949; 2 Miocene, 


Cockfield, and 8 Wilcox list 


discoveries complete the 


ef > ‘ 


MARINE DEVELOPMENT 


To Stanolind Oil and Gas Company goes credit for the 
production off the 
water of the Gulf of 
drilled 11,017 
5968’ for 


Texas Gulf Coast in the 
Their Block 245 well was 
and completed in the Miocene from 5934- 
A second well drilled 
The Humble Oil 


and Refining Company and the Ohio-Melben group were un- 


first open 


Mexico. 
» gas distillate well. 
fram the same platform was unsuccessful. 
search off Brazoria and Matagorda 


successful in their 


Counties 
1949 


NEW DISCOVERIES IN 


& Gas Co. #1] State in Galveston 


as it was the first open water Gulf 


The Stanolind Oil 
County 1s significant 


of Mexico well completed off the Texas Coast. Probably 


the outstanding discovery of the year was the East Village 
Mills Field of Houston Oil Co. 


dry hole had been completed in this field by the 


Fifteen oi! wells and one 
end of 
the year, and active development was still underway. In 
Polk County the Copeland Creek Field has good possibil- 
ities for with ten oil wells and four 
iry holes being completed during the year. The Morgans 


sizable production, 


Creek Field in this county also has good production 


possibilities, as ten oil wells and two dry holes were 


1949. 


levelopments in the completion of four oil wells and 


ompleted in San Jacinto County had significant 


three gas weiis 
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FIELDS DISCOVERED DURING 1949 
IN 
UPPER TEXAS GULF COAST 











OIL AND GAS FIELDS OF UPPER GULF COAST. NUMBERS INDICATE 1949 DISCOVERIES. 
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And Gas Developments In New York 
During 1949 


BY WM. LYNN KREIDLER*® 


PETROLEUM yuty 1as decreased to about 3% billion cubic feet of 
as for 1949. This decrease was divided evenly between 
The 011 production in New York State for 1949, a he Oriskany and Medina gas horizons. 
ing to pipe line runs, is 4,216,300 barrels. This do 
not include oil transported by tank trucks and oi] The report on drilling of Medina wells in 1949 is in- 
lized in the field, so that total productior t complete with only a few wells reported. A few of these 
estimated at 4,398,000 barrels. This represent f . wells are included in lable 1, "Oriskany Wells Drilled in 
proximate decrease of 7% from the production ir 148 New York State in 1949", and Figure 1, "Map of New York 
State Deep Drilling in 1949". It is estimated that about 


Below are the pipe line runs for New York 
25 Medina wells were drilled in 1949, 


counties with Steuben County included in the fig 
Allegany County. An estimate of oil used in the f Nineteen Oriskany wells were drilled in the year of 
transported by tank trucks has been added ¢t iy 1949 with ten completions, four storage wells, four wells 


line runs to give the total estimated oil produ still drilling and one well shut down, Of these, twelve 


New York State. e wildeats, three were extension wells, and four were 


"iy Peep, Shee 3 438. 958 Stans we well Some of these wells had shaws of gas but 

lilegan i . ~ De > 

Gaktunesas Comat’ 777.342 = barre not enough f ommercial development. (See Table 1). The 
é ¢ € J y ié 4 rs ye 


Total 4.216. 300 barre Oriskany wells drilled were distributed in fifteen town- 


of Allegany, Broome, Cattaraugus, Chautauqua, 
Utilized in the hemung, Chenango, Erie, Steuben, Schuyler and Tompkins 
field and transported »s (See Figure 1). 

by tank trucks 181,700 barre] 


. of the Clarence Lobdell #1 in Chenango 
4, 398, 000 barre 


Township, geologically speaking, was the 

In 1949, 875 field wells were drilled; this repr c mportant well drilled in New York. This penetrated 
an approximate decrease of 100% under the drilling eri sev mmercial gas horizons and reached the total 
of 1948. This decrease is primarily due to the f f 5,701". A drilling log has been released on this 
of oi! and the lack of success in finding new f | wi further information to be released at a later 
their wildeatting activities. Oil averaged $3 


barr in 1949 compared to $5.00 per barrel i: 
: nity paren $5 a 449 exploration for new producing provinces in New 


total number of producing wells in New York, a 
I lecrease from the activity of 1948. 


type, 1s in the neighborhood of 23,925. 


drilling of il wells slowed down considerably. 
NATURAL GAS Se ism. work ) to the end of the summer of 1949, 


, ; th I tal. almost all phases of explorational 
hi , 1949, the searclt or new su es ot 

ring 194%, i ppia é tandstill. However, geologists em- 

Oriskany and Medina has continued. The informat 

: i the major oil companies are collect- 

Medina wells 1 poor and inadequate, but informa 

will enable them to re-evaluate, and 

the Oriskany 1 very good. The necessity for f1 

. the basic concepts of the geology of New 

suppl ie { natural gas is shown by the tact 

e revisions, coupled with interpretation 

production of 4% billion cubic feet of gas is j 

work, are expected to result in increased 


avorable areas. The amassing of large 


ially in Schuyler County, points to 
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1951 OFFICER NOMINEES ANNOUNCED AT 
EXECUTIVE AND FINANCE COMMITTEE MEETING 


W. M. Peirce Is Presidential Candidate; J. 1. Gillson, M. L. Haider, Vice-Presidential Nominees 


Announcement was made at the 
meeting of the Executive and Finance 
Committees of the AIME, at their meet- 
ing at the Engineers’ Club, New York, 
on March 15, of the official ticket for 
Institute officers for 1951. W. M. Peirce 
heads the ticket, as the nominee for 
President. Peirce is chief of the 
research division of The New Jersey 
Zine Co., at Palmerton, Pa. He is a 
member of the Institute of Metals Di- 
vision of the Institute and has long 
been active in its executive councils. 
He served as a Director from 1937 to 
1940, and thereafter was Vice-Presi- 
dent for three years. Last year he again 
began serving a three-year term as Di- 
rector, and is currently a member of 
the Executive Committee. 

For Vice-President, Joseph L. Gill- 
son and Michael L. Haider were nomi- 
nated, representing the Mining and 
Petroleum Branches respectively. Di- 
rectors named were: Theodore G. 
Moore, Charles E. Lawall, John F. 
Myers, Fay W. Libbey, and A. Cy. Ru- 
bel. The Nominating Committee, O. B. 
J. Frasher, chairman, met during the 
Annual Meeting. No letter ballot will 
be necessary unless 25 or more mem- 
bers offer a different complete or par- 
tial ticket before Sept. 1. Brief bio- 
graphical sketches of each official nom- 
inee will be published in the July is- 
sues of the journals. 


Mining Branch Secretary 
Appointed 

The Committees considered the re- 
quest of the Council of the new Mining 
Branch of the Institute that part-time 
Eastern and Western paid secretaries 
be named to handle its affairs. No ac- 
tion was taken on the Western secre- 
tary, but approval was given of the 
Beall’s 


time, as editor of Mining Engineering, 


diversion of half of John V. 
to secretarial duties for the Mining 


Branch. To assist him on the monthly 


journal a technically trained assistant 
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shall pay 


| fication of elevtion or 


| continuous luis - paying 


editor was authorized. This man, when 
secured, will abso assist in the editing 
of the Journnat or Merats, of which 
Thomas E 


as W. 


Prov ided the 


Llovd has succeeded Thom 
Lippert @s editor 

Admissions Committee 
approves,- the [xecutive and Finance 
Committees looked with favor on a 
recommendation from the Council of 
Section Delegates that special consid 
eration should be given to Junior Mem 
bers transferring to a higher grade of 
membership. Upon reaching the age of 
33 they are 


bylaws, obliged to pay a $20 initiation 


according to the present 


fee and $20 annual dues as Associate 


Board to Vote 
On Bylaws Change 
At June Meeting 


Notice is hereby given that at the 
meeting of the Board of Directors on 
June 22, 1950, the following addition 
to Article Il 


will be voted upon (the new material 


Section 1, of the Bylaws 


is in italics 


“Each newly elected Member or As- 


| sociate Member, and each Junior Mem 


| ber at the time of his transfer into the 


class of Member or Associate Member, 
immediately upon notifica 
tion of such ebection or such transfer, 
an initiation fee of $20; provided, how 


ever, that said initiation fee may be 


| payable, at the option of the applicant 


in four equal annual installments, the 
first of which thall be due upon noti 


transfer: and 


| provided further that $1 per year of 


membership 
either as Student Associate or Junior 
Member or both, with a maximum of 


S10, be 
fee of Junior 


reditel towards the initiation 
WIembers transferring to 
Ve mber There 
shall be no initiation fee for Honorary 
Members or Junior Members.” * * * 


{ssociate Member or 
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Member or Member. The Section Dele- 
gates recommended that $1 per year of 
continuous dues-paying membership as 
a Student Associate or Junior Member 
be credited on the initiation fee, up to 
a maximum of $10. A change in the 
bylaws to effect this will be voted upon 
by the Board at its meeting on June 22. 

In addition to the awards already 
authorized for presentation at the An-> 
nual Meeting in 1951, the Committees” 
authorized the third award of the Ere 
skine Ramsey Medal. This was made 
possible by a gift of $500 from Paul) 
Weir, 1950 medalist, as an addition to 
the income of the Medal Fund. 


Journals To Be Microfilmed 


Microfilming of current volumes of 
the three AIME journals by University 
Microfilms, Ann Arbor, Mich., was ap- 
proved, This concern will offer these 
microfilms for sale to those who wish 
to preserve Institute publications in this 
way instead of the more bulky vole 
umes as printed. 


\ memorandum from the Institute 
staff suggesting a more economical 
method of handling AIME publications 
was approved. members 


have been allowed a special price on 


Heretofore 


most Institute publications provided 
they purchase only one copy; if more 
than one they must pay the nonmember 
price. This required detailed records 
of members’ purchases, checking of all 
members’ orders, and often consider- 
able correspondence. The suggested 
plan is to rescale the nonmember prices 
of all Institute publications except the 
journals and to allow members and li- 
braries a 30 per cent discount from 
these prices, and dealers a 20 per cent 
discount, with no limit as to the num- 
ber purchased. The new price list will 
be offered for Board approval at the 
April 2] meeting. On Transactions vol- 
umes a 50 per cent discount will be al- 
lowed if members order the volume 


when paying their dues. ~* * 


SECTION 2 . 








The Drift of Things 


. « « as followed by EDWARD H. ROBIE 


Applicants for Membership 


fo what extent, if any, the names, 
addresses, biographical records, and 
endorsers of applicants for membership 
in the AIME should be published in 
the monthly journals has long been a 
matter of controversy. When we joined 
the Institute, back in 1919, each appli 
cant got an inch or two of space in 
the journal and all of the above in 
formation was included. 

As the years have gone by, less and 
less space has been given to this mate- 
rial, so that published data has recent 
ly been restricted to the name of the 
applicant, the town and state where he 
lives, and a code letter to indicate the 
grade of membership for which he has 
applied. Some feel that inasmuch as 


should be 


omitted entirely, thus saving the money 


few read this matter it 


required to publish it, or enabling the 
space to be utilized for more ace eptable 
copy. 


The prin ipal arguments for continu- 
ing to publish the names of applicants, 
in some form, are: (1) occasionally 
members notice the name of an unde 
sirable candidate and are thus enabled 
to make a protest before the Board 


would otherwise accept the applic ant; 


’ 


(2) members are thus enabled to see 
what new members have applied from 
their local territory; and (3) the ap- 
plicant himself likes to see his name 
in print as having appl'ed for member- 
ship in his professional society. For 
these reasons the Council of Section 
Delegates in February opposed com 
plete omission of the names 

At its meeting April 21 it seemed 
likely that the Board would accept a 
recommendation of the Admissions 
Committee that hereafter the following 
Appli 


segregated into the 


procedure would be followed 
cations will be 
three branches of the Institute. Each 
editor will be given the names of only 
these applicants in the field of his 
own journal, which he will then pub 


lish 


SECTION 2 


This should make the list of more 
interest. Members are urged to peruse 
the names and to report to the Secre 
tary’s office if they note any who, they 
believe, for any reason should not be 
come members, or who are applying 
for admission as Member when they 


should Members 
or Associate Members 


properly be Junior 


Handling Grievances 

Complaints about poor service given 
members by Institute headquarters have 
dwindled to a small number but occa 
sionally are still received. Some mem 
bers feel that even after they have 
registered a complaint matters are not 
adjusted to their satisfaction, and they 
thus have a just grievance 

To handle such cases, the Gillson 
Committee on Democratization sug 
gested that an individual or a commit 
tee be appointed to investigate griev 
ances and see that a satisfactory ad 
justment is made. The Board referred 
the suggestion to the Council of Sec 
tion Delegates, which decided that it 
own membership should accept this re 
sponsibility. Therefore, a member who 
has a grievance should notify the rep 
resentative of his own Local Section on 
the Council, or the Secretary of the 
Local Section if the Council member 
name is unknown to him, and he will 
see that so far as possible the dis 


gruntled member is satisfied 


The Numbers Racket 

In 1949. ME and JM were each 
marked Vol. | because they were the 
first issues of two new magazines. How 
ever. as the Transactions pape 
in carried different volume 
tions, it was decided in 1950 
the magazine the same 
as the Transactions vol 
This will avoid the necessity 
reference designation that 


erence for the magazine and o 


Transactions volume. JPT 


continuing with the same vol 


bering as used in 1949 
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Secretary AIME 


Subsidies and Price Supports 
The extent to which the taxpayers 
of the country are being mulcted to 
assure profits to various groups of pro- 
ducers in the United States has almost 
assumed the proportions of a national 
scandal, and fortunately is receiving 
increasing attention by our legislators 
in W ashington. A good part of the defi- 
cit in our national budget could prob- 
ably be ended if the Government would 
stop paying subsidies or buying up 
products for which there is no market. 
Likewise the consumer — the public 
would be able to purchase these goods 


for a much more reasonable price. 


Most of this Government money goes 
to agricultural or similar products of 
the land. Such products are largely the 
type that, unlike the products of the 
mineral industry, will deteriorate in 
storage and thus must be disposed of, 
usually for little or nothing, or allowed 
to spoil. In general they must not be 
disposed of for what they will bring 
in the market for that would defeat the 
purpose of the legislation. 

On March 1, 1950, the value of the 
farm crops that the Government had 
on hand was $4,036,175,453, and the 
Department of Agriculture has re- 
quested that $2,000,000,000 more be 
appropriated to take care of commit 
ments and guarantees the Government 
has already made. The Government 
holds more than a billion dollars’ worth 
each of wheat and corn, for instance; 
almost a billion dollars’ worth of cot- 
ton: $57,000,000 worth of butter 

Though the situation is anything but 
funny a rather amusing item appeared 
in the New York Herald Tribune on 
March “Officials said 
the department now has 121,000,000 
pounds of dried milk and 72,000,000 
About 1,000,000 


pounds of fried eggs have been given 


which said 


pounds of dried eggs 


iway to public welfare groups.” They 
apparently not only give away the eggs 
but they actually fry them for the 


eager beggars, some of whom would 
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probably rather have them boiled or 
scrambled. 

Though some in the mining industry 
have clamored in the past for more 
Government aid, it is a matter of con- 
siderable satisfaction to many that the 
mining industry is not open to censure 
in the present sorry mess. 

This challenge to the American free 
enterprise system, and _ interference 
with the old law of demand and supply, 
is also indulged in by many manufac- 
turers who decry the Government's ac- 
tion as to farm commodities. Through 
the price-fixing laws — euphemistically 
called “fair-trade” laws — in 45 of our 
States (but not in Texas, God _ bless 
them), a retailer may not cut the price 
below that set by the manufacturer on 
a host of articles that he sells. The law 
is being violated by an increasing num- 
ber of sellers, and Macy’s department 
store in New York has the matter in 
the courts. This practice is different of 
course from Government subsidy and 
price support, but similar in that the 
consumer is forced to pay: more than he 
would in a free market. 

Everybody is organized into pressure 


groups except the consumer. 


Coal Still an Industry 


Higher prices for coal resulting from 


the recent strike are said to have led to 
further inroads by the oil and gas pro- 
for the solid 
fuel. Some miners are not getting the 


ducers on the market 


increased wages they expected because 
their jobs have evaporated completely. 
But the coal industry is neither dying 
nor dead. Witness this extract from the 
annual report of the Pittsburgh Con- 
“With all the 


chaos in the coal industry in 1949 the 


solidation Coal Co.: 


bitminous mines and the men employed 
in them produced some 430 million 
tons, or slightly less than three tons for 
every inhabitant in the country. 
“This tonnage is about equal to 25 
per cent of the combined production of 
the world and is almost twice the 
amount of coal produced in any other 
single country. Oil, gas, and coal com 
bined permit this country to use ap- 
proximately seven times as much ener 
gy per person as it used in the world 
as a whole. However, price and de- 
pendability will determine to a large 
extent how much of the total energy 
will be supplied by each of these fuels. 


“In spite of the fact that the produc- 
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tivity of our Aterican miner is trom 
three to six times greater than that of 
the miners in foreign countries, we 
must make even greater strides in this 
regard so that the cost will not bar 
coal from enjoying its proper share of 
our increasing national use of energy 
When we consider the enormous re 
sources of the United States, and its 
immense advantage over all other coun 
tries in its use fl energy, we are opt! 
mistic that Russia will never have the 
temerity to engige in a war with this 
country. The only reason why we get so 
worried sometimes is because we are 


not sure that our optimism is justified 


Man’‘s Best Friend 

A dog. it has been said, is man’s best 
friend. Especially is a friend appre 
ciated when he occasionally serves util 
itarian purposes. Thus do the dogs of 


the North pull sleds: 
lent guardians; 


others are excel 
some guide the blind 
A few carry whiskey to mountaineers in 
the Alps lost in the snow, if we are to 
animal 
Many 
dogs are good hunters. Not all, though 


believe the famous English 


painter, Sir Edwin Landseet 


for we once asked a friend how it hap 


pened that his dog was lame and his 
rather sneering reply was. “a rabbit 
must've bit him.” 

Getting back to the mineral industry 
which we usually do sooner or later 
some ot our Tr ost famous mines have 
been discovere] by dogs. The story 
usually goes that the old prospector is 
about ready to give up when he notices 
his faithful hound is scratching violent 
ly not far from camp. Investigating, he 
finds that he has uncovered gleaming 
specimens of high-grade ore, and thus 
is another grasi-roots bonanza launched 
on its way 

But not unti) we read a story in the 
Knoxville Journal of March 19 headed 
“U-T Geology Student Has Wonderful 
Assistant in Gifted Mongrel Dog,” did 
we realize whit an aid 


be to a 


a dog could 
geologist. We do not wish to 
give the impression that the Knoxvill: 


Journal is ow regular daily reading 
a clipping 
sent us by the Drift's scout in Oak 
Ridge. Ed Miler. It 


the University of 


fare: we are referring to 
eems that one of 
Tennessee geology 
students found a mongrel pup to which 
be took a liking. who accompanied him 
on his field trips. Until he was about 
a year old, the dog behaved like any 


other canine. 3ut one day the student 
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was collecting fragments of trilobites 
when he noticed that his companion 
was taking a keen interest in the fossils 
and was digging into the bank with 
his forepaws. He found several speci- 
mens in good shape and carried them 
in his mouth to the collector. 

\s he became more adept, a new 
name for the dog seemed in order, and 
we were particularly fascinated by the 
one chosen: “Coprolites.” For the bene- 
fit of readers of the Drift whose edu- 
cation has been incomplete we refer to 
the dictionary: Coprolite — a roundish, 
stony mass consisting of petrified fecal 
matter of animals. 

Coprolites has been with his master 
on many trips and has developed a 
distinctive bark for each of the various 
types of fossil remains. For a crinoid | 
he gives a long, high yowl, but for an 
anemone, a series of short yelps. A 
pelecypod brings low growls; an ostra- 
cod discovery is marked by a baritone 
wail. Coprolites favors shale outcrops 
for they are easy to dig, but he occa- 
sionally can extract weathered remains 
from sandstone and limestone. 

The student, who for some reason de- 
clined to have his name used, admits 
that he does not understand how the 
dog locates the fossils unless it is done 
purely by visual means. There is no 
longer any smell to go with the silici- 
fied remains. 

Only once has the faithful dog been 
fooled. He wandered into a cave and 
found a cow skeleton and was so ex- 
cited he returned to his master, grabbed 
him by the sleeve, and almost dragged 
him into the eave. The student did not 
hold this one mistake against Copro- 
lites as it was quite evident that the 
cow had been dead a long, long time. 

Harvard and Yale are said to have 
been trying to purchase Coporlites for 
several months, as a field assistant in 
the geology departments, 

So far, Coprolites has not applied 
for Student Associateship in the AIME. 
But as an associate of a student, and 
a most valuable one, one might think 
he would logically qualify. 


Nothing Is Impossible 

\ scientific friend of ours, impressed 
with the marvels of the atomic age, 
says he is planning an_ investigation 
of the behavior of metals in the tem- 
perature range just below absolute 
7eTO. * * * 
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Employment Notices 


The Jounnat will post notices of PERSONNE! ce, employment manager, assistant to 


men and jobs available. Companies and ® Petruloum engineer, B.E., 22. sing) construction superintendent, core analy- 
_ —_ sing pa 
AIME members are invited to use this one year of post-graduate studies and sis, shallow gas input well design. De- 


space, for which there is no charge. also experience in field work; desires 


Except as noted below, address replies connection with an oil company, well 


sires job with consulting firm or in 
petroleum or reservoir engineering de- 
. : d ent. Special interest is in aspects 
to: Code (appropriate number), Jour- service company, or drilling « ontractor paren nt. Special $5, 
7 f of unitization, secondary recovery, con 
NAL OF Pernoteum Trecunotocy, 601 oreign or domestic. Code 13! p 
servation programs. Available after 
@ Graduate, University of California July, 1950. Code 133 


married, 25, trained in petroleum geol 


Continental Bidg., Dallas 1. Show re- 
turn address on envelope These replies 
will be forwarded unopened, and no ogy, desires association with geophysi 
fees are involved cal or petroleum company. Able to POSITIONS 


Replies to the position coded Y-3429 travel constantly within or outside the @ Project engineer, 30-40, experienc ed 


S. Code 132 ; 
below should be addressed to: Engi I - Code 132 on petroleum and/or gas equipment. 


neering Societies Personnel Service, 8 @ Law sudent, graduates June Must be able to assume supervision of, 
West 40th St.. New York 18, N. Y B.S. in petroleum and natural gas engi ind responsibility for, entire section 
The ESPS, on whose behalf these + neering, Pennsylvania State College No recent graduate considered, as posi 
tices are published here, collects « e $2, married; experience as draftsman tion entails immediate responsibility. 


from applicants actually placed enlisted and commissioned army serv Location, Pennsylvania. Y-3429. *® * 


Gives you a remarkably complete, 
up-to-date picture of 


THE PETROLEUM CHEMICALS tnpusTRy 


BY RICHARD FRANK GOLDSTEIN 








The rapid growth of the mauufacture of organic chemicals from petroleum 
and from cracked hydrocarbon gases during the past thirty years makes Mr. 
Goldstein's comprehensive survey of the industry particularly welcome at this 





time. The range of subjects covered is wide, and the careful selection of material 
makes the volume very easy to read. 


Emphasis is placed on those fields of industrial organic chemistry in which oil is the 
most economical starting material. The author also surveys the fields where oil is used 
alongside coal or vegetable products — for example, ethyl alcohol manufactured from 
oil via ethylene and by fermentation processes, and formaldehyde, which is made by 
oxidation of the lower paraffins from petroleum and from coal via carbon monoxide and 


methyl alcohol. 


ON APPROVAL COUPON 
JOHN WILEY & SONS, INC., Dept. PT-5-50 
440 Fourth Ave., New York 16, N. Y. 
Please send me, on 10 days’ approval, a copy of Gold- 
stein's THE PETROLEUM CHEMICALS INDUS- 
TRY. If I decide to keep the book I will remit $8.50 
plus postage; otherwise I will return the book post- 
paid 
Name 


Address 


The author makes the competitive position clear by 
including information on alternative non-petroleum 
routes. Subjects where the oil route has not yet been 
established as the most economical one, but where 
minor improvements in technique may swing the 
balance in its favor, have also been included. 


April, 1950 449 Pages $8.50 


EXAMINE THIS BOOK FOR 10 DAYS WITHOUT OBLIGATION 
MAIL COUPON TODAY 


City Zone State 











Employed by 
(Offer not valid outside U. S.) 
Renee eeeeeaeeueuenueuneaen 
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Total AIME memberships on Sept. 30, 1949, was 
15,988; in addition 4427 Student Associates were 
enrolled. 


ADMISSIONS COMMITTEE 
James 1. Head, Chairman; Albert J. Phillips, 
Vice-Chairman; George 8. Corless, T. 8. Counsel- 
man, ivan A. Given, Robert Ll. Hollett, Richard 
D. Mollison, and John Sherman 
Institute members are urged to review this list 
es soon as the issue is received and immediately 


Proposed for Membership 


Petroleum Branch 


to wire the Secretery's 
collect, if objection 


office, night message 
s offered to the admission 
of any applicant. Derails of the objection should 
follow by air mail. Tre Institute desires to extend 
its privileges to every person to whom it can be 
of service but does rot desire to admit persons 
unless they are qua ified 

In the list 
status; R, reinstaten ent 
Member; AM, Asso 
ciate; F, Junior Fo 


following C/S means change of 
M, member; J, Junior 
i¢te Member; S, Student Asso 


egn Affiliate 





PUBL 


AMERICAN PET 
DRILLING AN 


} 
€ 


(317 pages, cloth bound, ill 


by ot et 


(016 pages cloth bound, ill 
BIBLIOGRAPHY ON 


Division of Production 


832 Rio Grande Building 
Dalias, Texes 
Please mail to me 
copies 
copies 
copies 
tion 
copies ‘ Bibliograph 
copies 
$ 


per copy 


Please bill me 
Please Print 





of the Division of Production 


D PRODUCTION PRACTICE — 1948 


(To be ovai'oble ot obout tely 1; cook $5 00 
SECONDARY RECOVERY OF OIL IN THE 
UNITED STATES (Second Edition) 


(2.038 1 rae ae ate $1.50.) 
1949 SUPPLEMENT TO BIBLIOGRAPHY ON 
SECONDARY RECOVERY 


(Available about June 1. Price $1.00 


ee eww ww eww een ceeeee 


American Petroleum Institute 


Drilling and Production Practice 

Drilling and Production Practice 

Secondary Recovery of Oj 
@ $8.50 per copy 


1949 Supplement to Bibliography 
Purchase Order 


ICATIONS 


ROLEUM INSTITUTE 


> brew 


ustrated; price $5.06 


DRILLING AND PRODUCTION PRACTICE — 1949 


‘ ‘ 


er 
per 


or 


ustrated; price $8.50 


SECONDARY RECOVERY 


LIMITED EDITIONS 
ORDER NOW! 
at address below the fcllowing API publications 


48 $5.00 per copy 
wae 2 $5.00 per copy 
n the United States’ (second Edi 


y on Secondary Recover) 


$1.50 per copy 
an Secondory Recovery 
enclosed 

Name 

Address 


City and State 
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CALIFORNIA 


Bakersfield — Davis, 
}-M). Marshall, 
Glendale 
Huntington Park 

Les Angeles Fernandes, 

S-J). Sampson, Norman Nathan 


Chester Arthur. 
Warren Monroe, III. 
Parker, Richard CG, 

. (c/s 
(c/S—J- 
McKittrick Campbell, Harry Duncan. (C/S 
\M-M) 

(M). 


Pasadena —Cerf, Charles Joseph 


COLORADO 


Coleorade Sorings—-Magruder, James Alexan- 
r. (AM) 


KANSAS 


Eureka—Campbell, William Henry. (J) 


LOUISIANA 


Monroe Ford, Elbert (M). 


Estelle. 


OKLAHOMA 


Bartlesville Tarner, Jack. (C/S—J-M) 
Duncan—Pendley, Dee Finas, Jr. (J). 
Enid Duff, Thomas H, (C/S—-S-J). 
Norman -Porter, Alfred Watson, Jr. (J) 
Oklahoma City Durham, Elbert Norvin. (R, 
cC/S—J-M). Hill, Freeman Lee. (C/S--S-J). 
Elliston, Henry Harold. (M). John- 
Ostrom. (R-M). Knotts, Max 
Leon. (C/S—S-J). Muratta, Robert Wyman. 
(AM). Stafford, Joseph Dewey, Jr. (J). Will- 
Charlee Otis. (M). 


PENNSYLVANIA 
Pittsburgh — Fulton, 
J-M). Wyllie, Malcolm 


SOUTH DAKOTA 


Estelfine--Gurge, Furman H., Jr. (C/S--5S- 
J) 


Tulsa 
Dougles 


Pau! Franklin. 
Robert Jesse. 


(Cc 
(M) 


8 


TEXAS 
Beaumont—Cokinos, Geneos Pete. (R,C/S 
s-M) 


Bellaire Kent, William 
M). Morris, Wesley Dixon. 
win, Mel William. (M). 

Brownfield—Ray, Jack Harris, (C/S 

Corpus Christi Wallace, Robert Roy. 

S-J) 

Dallas—Monkhouse, George Sedberry. (C/S 

J-M 


Dexter. (R,C/S—J- 
(C/S-—J-M). Sher- 


8-J) 
(c/s 


) 

Gladewater—-Zlomke, Charles Donald. (J). 

Hawkine—Kempe, Gerald Lloyd. (J). 

Hebbronville—Thomas, Henry Evans. (J) 

Houston—Blouin, Cecil Francis. (M). Cain, 
Lester Lee. (J). Cook, Winfield Hollie. (M) 
Floeter, John Sydney. (R,.C/S—S-M). Nice, 
Prank Alien, Jr. (M). Wright, Randolph Earle. 
J) 


Midianéd—Brown, Billie Joe. (J). Brown, 
Jack Weldon. (J). Clark, Joe Richard. (J) 
Gillett, Dan, (J). Guenther, Richard Stewart, 
Jr. (C/S—S-J). Keeler, William Arnold. (J) 
Landtiser, Paul Keith. (J). Tompson, Gilbert 
Carr. (J). Trott, James Irby. (R,C/S—8-J). 

Odessa -- Ousterhout, Raymond Sherborn 
M) 

Pleasanton——Kirby, John Elmer, Jr. (R,C/S 

S.J) 

John Lafayette. (J) 
Charles H. (C/S—J- 


(J) 
id) 


Scroggins Grolemund, 

Seagraves Hutchins, 
M) 

Texas City--Naylor, Rower A. 

Wink Purdy, Eugene William 


WYOMING 


Riverton 
Thermopolis 


CUBA 


Havana 


Johnston, 
Allen, 


Myron Thomas 
Thomas Newton 


(M) 
(M) 


Fisher 
TRINIDAD 


San Fernando Holte, Justin LeRoy. (C/S 
J) 


Arnold Joseph (M) 


VENEZUELA 


Caracas—-Sykes, Harry John. (C/S—J-M) 
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James A. Hoactanp, formerly di- 
recting engineer for the Drilling and 
Exploration Co, in Argentina, has been 
Brazil, as 


Valley Divi- 


sion. Present plans call for the oper- 


transferred to Belem, Para 


manager of the Amazon 
ation of two exploration rigs in that 
area the Conselho Nacional do 
Petroleo, The first rig, an Oil Well 96, 


is now being transported from Belem to 


for 


the location, which is about 200 kilom- 
eters from Belem near the junction of 
the The 


structure to be tested was outlined by 


Tocantins and Para rivers. 


seismograph survey 


+ 
DeWrrr C. Van Sicten has opened 
an office as a consulting geologist at 
2508 Avenue K, Snyder, Texas. He 
Abilene with the Drill 
ing and Exploration Co 


Cranence P. Taytor, previously em- 
ployed by the Hunt Oil Co. of Dallas, 


Texas, La., re- 


was formerly in 


operating in’ Lisbon 
signed that post last November to be- 
come connected with the consulting firm 
of Speller & Ervin 
He is a 


as resident 


located at Tyler, 


Texas junior engineer, acting 


the Kirk 


Field Operating Committee of Eastland, 


engineer with 
Texas 


+ 


Jack C. Dunen has been transferred 
by the Shell Oil Co. from the regional 
office in Houston to the field office in 


Great Bend, Kans 


+ 


Witttam J. Cox, Jr 


moted to district geologist of the Cum- 


has been pro- 


arebo district and is now addressed 


Creole Petroleum 


Falcon 


Corp Cumarebo, 


Venezuela. 


+ 
R. L. Huntineron, chairman of the 
School of Chemical Engineering at the 
Oklahoma, is 
book 


Vatural 


author of 
entitled 


University of 


the recently released 
Gasoline, 
the 
book. 


primar 


Gas and 


be 


Book Reviews department 


Vatural 


which will reviewed soon in 

The 
Huntington's first, was written 
ily for students of natural gas produc 


tion 
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Personals 


Bynon B. Boa 
address from the Conroe 
Austin, to Byron B 
ing 
neer, 


TRIGHT has changed his 
Drilling Co 
Boatright. consult 
natural gas 


Bank 


petroleum and 


Nat it nal 


engi 


Capital Bldg address is 


Austin, Texas Texas 


Epwin L. 


struction, as a 


Capron completed his 


studies at Southwestern University and 


ms now employed by the Collins Con- 


ot.. 


weigher. 


W. th 


present 


1105 Austin, 


the Otis TUBING CALIPER 


the best method for accurately surveying 
tubing for corrosion under pressure, 
without killing the well, or pulling 
the string for surface inspection 











Internal corrosion causes the tubing string in hundreds 
of gas-condensate wells to leak, collapse, or, in some 


cases, the complete loss of the well. An accurate, 


dependable survey of the true internal condition of 
the tubing, furnished by orts — the industry's lead- 
ing authority on tubing corrosion analysis — often 
can prevent untold dollars’ worth of expensive 
salvaging operations or the loss of hundreds of 
arrels of valuable oil. »# Contact the Otis 
office nearest you for complete, factual infor- 
mation, and your copy of “Report of Tubing 
Corrosion Survey.” Let our engineers explain 

how your wells can be calipered at a mini- 

mum of production down-time because, 

among other reasons, experienced Otis 

wire-line crews ] run the Otis Tubing 
Caliper at a rate of 30,000 feet per day; 

2 caliper a well under pressure 

without pulling the string; 3 make 
a preliminary, on-location expert 
analysis if necessary. 


How the Otis 
Caliper Works: 


DALLAS + HOUSTON 
WEW IBERIA La. 
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EMPLOYMENT 


Continued from Page 13, Sec. 1 


perhaps is the immediate solution to 
the overproduction problem. 


Meanwhile, Calhoun circulated a 
questionnaire among the some 150 grad- 
uating petroleum engineering seniors at 
the University of Oklahoma and asked, 
among other questions, that the students 
indicate their work preferences in two 
groups. In the first group, they were 
asked to indicate major, independent or 
personal preference. They were also 
asked to give a work preference in one 
of the following categories: drilling 
contractor, supply-sales, service, pro- 
duction, exploration, pipe line, natural 


gas, or others. 

In the first group, 62 indicated a first 
preference or only one preference. Sev- 
enty-two per cent of these indicated a 
preference to work for a major, 26 per 
cent indicated a preference to work 
for an independent and 2 per cent indi- 
cated a preference to work for them- 
7 


selves. In the second group, 72 students 


indicated a first preference or only one 


preference. Thei hoices are: 74 per 
cent want to enter production, 7 per 
cent preter drilling, 7 per cent like ex 
ploration, 6 per vent service, 3 per cent 
supply-sales, ani! less than 2 per cent 
each in pipe Ine, natural gas, and 


“others.” 


Information Misleading? 

Commenting on his findings, Calhoun 
remarked that the questionnaire might 
have defeated itself and proved mis 
leading. A good many men, he pointed 
out. said they did not have a job be 
cause they did oot want to jeopardize 
their chances in participating in any 
future interview: 

However, for the sake of interpreta 
tion, and assuming that 1,000 engineers 
will receive degrees this summer, it is 
a simple matte to see through what 
channels the would preter to enter the 
industry. On the basis of returns from 
the major universities contacted, the 
expressed desires of the students at the 
University of Oklahoma as recorded on 


Calhoun . 


juestionnaire are typical 


From that, then, some 740 would en- 
ter production. 70 would enter drilling, 
another 70 exploration. 60 would be 
absorbed by the service companies, 30 
would enter supply-sales, and about 10 
each in pipe line, natural gas and 
others. It is plain to see that the pro- 
duction phase is in for the strongest 
onslaught. 

From this problem of oversupply and 
underdemand the new graduate must 
necessarily find his own individual solu- 
tion. He will find his niche where it 
exists for the most part and not, at 
least at present, from the various place- 
ment offices of the universities. These 
offices are being rendered virtually help- 
less by low demand and are adding to 
their files each semester the names of 
more students in need of employment 
in the petroleum industry. The Depart- 
ment of Labor claims the trend will 
take care of itself “within 10 or 15 
years.” Meanwhile, more petroleum en- 
gineers are seeking jobs than ever be- 
fore, a problem that must be solved in 
reality as well as on a graphic table. * 
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601 Continental Bldg. 
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OF OlL AND GAS DEVELOPMENT 
AND PRODUCTION — 1947 
Here are 514 pages of tables and text material 
covering exploration activities as well as pro- 
duction history of all the principal and most 
of the minor oil producing areas of the world. 


$1.50 PER COPY 


4100 copies of this book are available to AIME 
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SEE formation changes 


| GEOLOGRAPH 


With Geolograph, ‘you 
actually watch the drill- 
ing change as the bit 
bites into contrasting 
strata—foot by foot! 
You'll find that this sub- 
surface control, while 
drilling, results in a higher 
percentage of successful 
drill stem tests; fewer and 
more correctly placed 
cores; accurate determi- 
nation of net pay thick- 
ness and elimination of 
many depth corrections! 


Odessa, Tex. * Wichita Falls, Tex. * Shreveport, Le. 
Bokersfield, Calif, * Beton Rouge, La. * Casper, Wye. 
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Aduertisers Index 


Allen B. DuMont Laboratories, Inc. 


Austin C. Lescarboura, Croton-on-Hudson, N. a 
American Petroleum Institute 


Baker Oil Tools, Inc. : 
Theo. M. Martin Co., Sen Gobriel, Calif. 


Baroid Sales Division, National Lead Co. 
Darwin H. Clark Co., Los Angeles, Calif. 


Core Laboratories, Inc... . . 
Duvall Williams, Dallas, fen 


Dowell Incorporated 
MacManus, John & Adoms, inte "Detroit, Mich 


Eastman Oil Well Survey Co. , 
Ted Workman Advertising, Dallas, Tex 


Halliburton Oil Well Cementing Co. 


Lannan & Sanders, Dallas, Tex. 


Sec. 2—5 
Sec. 1—4, 5 


Third Cover 


Sec. 1—6 


Lane-Wells Co Fourth Cover 


Darwin H Clark Co., Los Angeles, Colif 
Lufkin Foundry & Machine Co. ° Sec..1—1 
Cudlipp Advertising Agency, Lutkin, Fon, 


Oil Base, Inc. 

Dozier Groham- Gectnen, | Los ‘Angeles, Calif. 
Otis Pressure Control, Inc. Sec. 2—6 
Dan Goodrich, Dallas, Tex 
Sec. 1—2 


Professional Services 


Schlumberger Well Surveying Corp. Second Cover 


Rives, Dyke & Co., Houston, Tex. 
The Geolograph Co., Inc. Sec. 2—7 
Lowe Runkle Co., Oklahoma City, Okla 





Harry W. Dietert Co. . 
John Wiley & Sons, Inc. 


United Geophysical Co. 


Dozier-Graham-Eastman, Los Angeles, Colif. 


The Waierston Co., New York, N Y 


* In previous issues 





PETROLEUM BRANCH 


Gulf Coast Section 
Southwest Texas Section 
South Plains Sub-Section 
Oklahoma City Section 
Mississippi Sub-Section 
Pacific Petroleum Chapter 
Kansas Section 


Permian Basin 


Pacific Junior Group 
Illinois Basin Chapter 
Mid-Continent Section 
East Texas Section 

South Plains Sub-Section 
Gulf Coast Section 

Pacific Petroleum Chapter 


Permain Basin 
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MAY Through OCTOBER 


JULY 
20 South Plains Sub-Section 
21 Mississippi Sub-Section 


24 Pacific Petroleum Chapter 


AUGUST 
10 Pacific Junior Group 
17 South Plains Sub-Section 


28 Pacific Petroleum Chapter 


SEPTEMBER 

11 Mid-Continent Section 
12 Delta Section 

13 Southwest Texas Section 
14 Pacific Junior Group 
14 Illinois Basin Chapter 

19 Gulf Coast Section 

20 Kansas Section 

21 South Plains Sub-Section 
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MEETING CALENDAR 


Oklahoma City Section 
Mississippi Sub-Section 
Pacific Petroleum Chapter 


Permian Basin 


OCTOBER 


4-6 Petroleum Branch, AIME, 
New Orleans 


Mid-Continent Section 


Mineral Economics Division, 
Washington, D. C. 


Southwest Texas Section 
Illinois Basin Chapter 


Petroleum Branch, AIME, 
Los Angeles 


Gulf Coast Section 
Kansas Section 

South Plains Sub-Section 
Oklahoma City Section 
Pacific Petroleum Chapter 


Permian Basin 
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Professional 


MIDGET DIVER 


College degree in petroleum engineering neces 
with 
visually interpreting and evaluating basic reser 
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Irs EASY-—just gamble that all your miei 
are on the nose, just gamble that you know all abaut’ 
your well. Maybe you'll win; it happens sometimes. 


But most good operators don’t take that gamble. 
They run a Lane-Wells Radioactivity Well Log that 
locates every formation, defines its extent and describes 
its character—and ties all the information to a series 
of fixed, immovable reference points—the casing col- 
lars. Not only does this “road-map” of the well insure 
better completions, but it provides a perfect guide for 
all future down-hole work. Ask your Lane- Wells man. 
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